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DEPARTMENT OF COMMERCE, 
Bureau or FIsHERIgs, 

Washington, September 15, 1923. 

Sir: I have the honor to submit herewith a report of the operations 
of the Bureau of Fisheries during the fiscal year ended June 30, 1923. 

FISHERY INDUSTRIES SERVICES. 

REVIEW. 

The depression that existed in the fishery industries in 1921 was 
to a considerable extent relieved in 1922, as noted in my last report, 
and decidedly better conditions prevailed in the fiscal year 1923. In 
the New England vessel fisheries, in the calendar year 1922, 11.9 
per cent fewer trips were made than in 1921, but the catch increased 
6 per cent. Because of lower prices during part of the year there 
was a net decrease of 4.5 per cent from 1921 in the value of the prod- 
uct. In the spring of 1923, from January to May, inclusive, the 
landings were steadily greater than for 1922, except that in March, 
1922, abnormally large ‘landings were recorded, which were greater 
than the March, 1923, landings. In the first five months of 1923 the 
average price of fish landed from fishing vessels in New England 
was 4. “64. eee per pound, as compared with 3.42 cents for the same 
period in 1922. At Seattle, in 1922, there was little change from the 
preceding year in either landings or value. In California, in 1923, 
there was an increase of 32.3 per cent in quantity over 1921, the pro- 
duction being 168,969,733 pounds. 

In the Pacific Coast States the pack of canned salmon in 1922 
showed a net decrease of 26.9 per cent in the number of cases and 6.5 
per cent in value as compared with the pack of 1921; but this decrease 
aes more than made up in Alaska, where there was an increase of 
2 per cent in the number of cases and 51.7 per cent in value as com- 
” wed with the previous year. The total pack of canned fishery prod- 
ucts in the United States and Alaska in 1922 was valued at $60,464,- 
947, an increase of 29.6 per cent over 1921. The by-products. of the 
fisheries in 1922 were valued at $11,390,693, an increase of 36.4 per 
cent over their value in 1921. 

Gratifying increases over the 1921 es of sardines are recorded 
for both Maine and California in 1922. In Maine the increase 
amounted to 31.5 per cent in number of cases and 45.2 per cent in 
value; in California the increase amounted to 75.4 per cent in num- 
ber of cases and 51.7 per cent in value. In the total sardine pack of 
both Maine and California there was an increase of 41.8 per cent in 
number of cases and 44.4 per cent in value. 
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The activities of the bureau included a market survey of Boston, 
Mass., similar to those previously made in other cities. In the field 
of statistics canvasses have been completed of the fisheries of New 
York, New Jersey, Pennsylvania, and Delaware for 1921, the shad 

- and alewife fisheries of the Potomac River for 1922 and 1923, and 
the canned fishery products and by-products of the United States 
for 1922. The regular collections of statistics of the landings of the 
vessel fisheries at the ports of Boston and Gloucester, Mass., Portland, 
Me., and Seattle, Wash., have been carried out and the data published 
as statistical bulletins. The statistical bulletins of cold-storage hold- 
ings of frozen fish have also been issued monthly. 

Technological investigations have included a continuation of ex- 
periments in the preservation of fish nets, including the preparation 
of a report of results up to January 1, 1923; freezing fish in brine; 
canning sardines; an examination into the possibilities of producing 
insulin, the newly discovered palliative for diabetes, from the pan- 
creas of sharks; and certain work on the reddening of salt codfish. 

The bureau also prepared and managed the exhibit of fisheries and 
fishery industries at the Brazilian International Centennial Exposi- 
tion, which opened September 7, 1922, at Rio de Janeiro. 

Broadcasting fisheries market reports was also begun and continued 
once a week for the benefit of the wholesale and retail fish trade. 

FISH MERCHANDISING. 

That part of the fish industry which has to do with distribution 
and sales remains the most important problem presented to those 
engaged in this business. ‘The limit upon the volume of fish business 
that can be done at present is set by distribution rather than by pro- 
duction. The bureau has continued, in so far as its resources per- 
mitted, its efforts to be of service in this field. 

In the autumn of 1922 a survey was made of the fish trade of 
Boston, Mass., our largest fishing port. 

Boston, with a population of 748,060, is the principal landing port 
for the fisheries of the North Atlantic. It is also the greatest fishing 
port in the United States and among the greatest of the world’s 
fishing ports. In the calendar year 1922 there were landed at 
Boston by vessels of 5 tons or over 106,190,403 pounds of fish, valued 
at $4,020,105. More than 80 per cent of its fishing business, on the 
basis of quantity, is in cod, haddock, halibut, mackerel, swordfish, 
and lobsters, a very different group of fish from those prominent in 
Seattle. A moderate or limited business is also done in alewives, 
butterfish, carp, flounders, salmon, smelts, suckers, clams, crabs, and 
oysters, and some 54 other species. In Boston there were 108 whole- 
sale fish dealers and 171 retailers—one retailer for each 6,926 persons. 

The production or landings of fish in the year ended September 
30, 1922, was 101,949,725 pounds, valued at $4,051,850. In the month 
of September, 1922, the following products were landed at Boston: 
Fish, 18,244,074 pounds; lobsters, 616,355 pounds; clams, 338,964 
pounds; oysters, 10,068 gallons, or 80,544 pounds; scallops, 478 gal- 
lons, or 3,824 pounds. The amount of fish frozen during 1922 was 
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8,946,183 pounds, and the amount shipped from Boston during Sep- 
tember, 1922, was 14,383,761 pounds. 

In the month of September, 1922, 56 per cent of all Boston’s 
fish was consumed in Massachusetts, and 89 per cent in Massachu- 
setts, Rhode Island, Connecticut, New York, and Pennsylvania. It 
is thus evident that while Boston has done much in developing 
her near-by market the more distant markets are still awaiting 
development. There is evidence also that this is the case with other 
centers of fish production. The per capita consumption of Boston 
fish in Massachusetts during the month of September, 1922, was over 
14 pounds, which must be increased by the fish taken at other Massa- 
chusetts ports, perhaps, to more than 2 pounds, or 24 pounds per 
capita annually. The per capita consumption of fish in the United 
States, as a whole, is probably not more than 12 or 14 pounds. This 
development of local fish consumption resulted in the shipment 
to Boston from the Pacific coast of 169 carloads of halibut and 
salmon during the year ended September 30, 1922, although Boston 
itself is the largest fish-producing port in the United States. 

TECHNOLOGICAL INVESTIGATIONS. 

It was pointed out, in connection with ‘the discussion of the market 
survey of Boston, that the limit to the fish business was set by 
problems of distribution. The limit to extensive and successful 
distribution is fixed not only by incomplete organization of the in- 
dustry but also by the lack of adequate methods of preserving and 
handling fish, so that they can be transported to distant markets 
in first-class edible condition. Other technical difficulties, such as 
the rapid decomposition of the nets he uses, further reduce the 
fisherman’s reward for his arduous labors. Technological inquiry 
only can solve these problems, and it is in a continuation of such 
inquiries that the bureau’s technological staff has been engaged. 

BRINE-FREEZING OF FISH. 

In Economic Circular No. 58, issued in 1921, the status of brine- 
freezing was outlined as it was at that time. It was pointed out that 
in principle brine-freezing seemed to have received sufficient test and 
approval by various scientific investigators, and that the chief 
problem ahead was the engineering problem of constructing a plant 
that would freeze fish on a large scale with a minimum of labor and 
expense. There has been constructed in the fishery products labo- 
ratory a brine-freezing apparatus of new design intended to meet 
these requirements. It consists of a tunnel 40 feet long provided 
with a short compartment at each end. The fish are suspended from 
horizontal bars that are mechanically conveyed through this tunnel. 
The fish first pass through a fresh-water spray in the entrance com- 
partment for the purpose of washing; then through a violent spray 
of brine at —5 or —6° F. for 32 feet, wherein they are frozen; 
emerging from the brine spray, they again pass under a fresh-water 
spray, which removes the brine and applies a glaze. ‘The conveyor is 
arranged for variable speed so that fish of different sizes may be 
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treated for the time required to freeze. The conveyor is located 
so that it is not exposed to the corrosive action of the brine. Mechan- 
ical refrigeration is used to refrigerate coils or heat-absorbing 
units located in the bottom of the apparatus. The salt brine is 
circulated continuously, only a small volume being required. Trials 
so far made with this apparatus indicate that it freezes quite satis- 
factorily, though more extensive trials will yet be necessary. The 
fish are individually frozen, trim and straight. 

PRESERVATION OF NETS. 

The bureau’s work on the preservation of fish nets has been car- 
ried to the point of yielding results of value. The several series of 
samples of twine that had been exposed at several localities in 1922 
and tested monthly were completed, and the results were prepared 
for publication. In addition to numerous well-known preservative 
materials, there was tried for the first time copper oleate, in which 
the bureau hoped to discover a better preservative than any of those 
hitherto used. In so far as experiments of this kind go, the results 
fully justified expectations. Copper oleate, dissolved in gasoline or 
other suitable solvent and applied to cotton or linen lines, effected a 
superior preservation of tensile strength or resisted fouling to a 
remarkable degree without materially adding weight to the lines or 
diminishing their flexibility, as so many other preservatives do. The 
results were very much more satisfactory in salt water than in fresh 
water. In the latter the copper oleate seems to be somewhat more 
soluble than in salt water. In a new and larger series of experi- 
mental exposures of lines begun in the spring of 1923 several other 
commercial or proprietary preservatives were tested, and an effort 
also was made to reduce the solubility of copper oleate in water by 
the addition of linseed oil and paraffin and by other combinations. 
Success in this direction, if attained, will not only provide a suitable 
preservative for fresh water but will overcome one of the principal 
objections to the use of copper oleate in salt water; that is, its 
tendency to wash out of the lines. 

CANNING SARDINES. 

In the canning of sardines it is always necessary to remove some 
of the water from the fish before the cans are finally sealed, else the 
fish break down to a wet mass and present a poor appearance. In 
California the usual method of removing the excess water is to pass 
the fish through a bath of hot oil, wherein much of the water is 
cooked out. At the bureau’s experimental laboratory at San Pedro, 
Calif., the conclusion has been reached, and heretofore reported, 
that the oil in which the frying is done becomes oxidized, rancid, 
and objectionable from a dietetic point of view, since part of it is 
carried on the fish into the can. During the fiscal year 1923 work 
has been confined chiefly to the solution of the problem of remov- 
ing the water by methods other than frying in oil, and considerable 
progress can be reported. Three methods were tried, all of which 
showed some merit. They were (a) cooking in strong brine instead 
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of oil, (6) steaming, and (c) canning raw after removal of excess 
water by brining and partial drying. A pack that appeared to be 
equal, if not superior, to any fried-in-oil product was made by a 
modified steaming process. Quite satisfactory products were pre- 
pared by the raw-pack method; that is, preliminary brining and 
drying, followed by sealing and processing. Good packs also were 
prepared by the method of cooking in brine, but this may perhaps be 
adjudged an unsatisfactory method because of the penetration of 
too much salt. 

SALTING OF PACIFIC COAST MACKEREL. 

Attention was given by the San Pedro laboratory to the salting of 
the Pacific Coast mackerel (Scomber japonicus). 'This fish is, in 
general, less fat than the Atlantic mackerel and its flesh is more 
likely tobe dark in color. It was found, however, that the method that 
previously in the bureau’s salting experiments had been found to 
be applicable to other fish in warm climates was here successful. 
This process consists in using high-purity salt applied dry to per- 
fectly fresh fish that have been thoroughly cleaned of all blood and 
viscera. These points all seem to be essential. Packers, who have 
themselves hit upon most of these points, have found by experience 
that salt of inferior quality produces inferior fish and that any 
blood left in the fish darkens it. Freshness is also important, so 
much so that salting aboard the boats seems advisable. 

PEARL ESSENCE, 

Pearl essence, an incidental product of the fisheries, has continued 
to attract considerable attention, perhaps more because of its spec- 
tacular beauty and novel application than because of its industrial 
importance. Nevertheless, the business of manufacturing imitation 
pearls, which was at one time an exclusively European and Japanese 
industry, has migrated to America to a very large extent. New 

York City and its vicinity are now the center of a considerable 
imitation-pearl industry, based largely on the supply of pearl 
essence produced in the United States principally from herring and 
alewife scales. 
A process of making a pearl essence has been elaborated in the 

fishery products laboratory which, in technique, is a radical de- 

parture from any methods known to have been used hitherto. By 

this method the lustrous material from the scales is removed in 

water, together with any dirt, blood, slime, etc., that may accom- 

pany the scales. The crude suspension is then treated chemically 

in such a way that the lustrous or nacreous particles are removed 

bodily from the crude liquor and transferred to ether and then to 

ethyl or amyl acetate, which are solvents of nitrocellulose, which, 

when dissolved in the suspension, makes a pearl lacquer. This 

applied to glass beads makes the “ indestructible” pearl of com- 

merce. “Essence” has been prepared by this process from the 

scales of numerous species of fish. The details of the process will 

be published in a separate document. 
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PARTICIPATION IN THE BRAZILIAN INTERNATIONAL CENTENNIAL 

EXPOSITION. ; 

In accordance with that part of the act of Congress authorizing 
participation of the United States in the Brazilian exposition that 
provided for a fisheries exhibit, the bureau assembled collections of 
fishery products, apparatus, vessel models, transparencies, photo- 
graphs, motion pictures, etc. Among the more important exhibits 
were those of the salmon industry, the New England banks fisheries, 
the oyster industry, the menhaden industry, canning and by-products 
of the fisheries, fishing gear, preservation of nets, and organization 
and functions of the Bureau of Fisheries. A brief description of 
the fishery industries of the United States was prepared and printed 
in English, Spanish, and Portuguese for distribution at the expo- 
sition. 

CANNED FISHERY PRODUCTS AND BY-PRODUCTS. 

The bureau made a canvass of the canned fishery products and 
fishery by-products industries of the United States and Alaska for 
the year 1922. The total value of the canned fishery products for the 
year was $60,464,947, and the value of the fishery by-products pre- 
pared, such as fish oil, fertilizer, fish meal, liquid glue, poultry grit, 
and lime from shells, was $11,390,698. The results of the canvass 
were published and distributed to the trade as Statistical Bulletin 
No. 570. 

The pack of canned salmon, reduced to the equivalent of 48 pounds 
of fish to the case, amounted to 5,234,898 cases, valued at $38,420,717, 
of which 4,501,652 cases, valued at $29,787,193, were packed in 
Alaska, and 733,246 cases, valued at $8,633,524, in the Pacific Coast 
States. Other canned-salmon products, valued at $71,248, were also 
prepared. 

The pack of sardines in Maine in 1922 amounted to 1,775,878 
cases, valued at $5,750,109, compared with 1,350,631 cases, valued at 
$3,960,916, in 1921. The pack of sardines in California in 1922 was 
728,979 cases, valued at $3,361,480, compared with 415,587 cases, 
valued at $2,346,446, in 1921. 

The canning of shad is confined to Washington, Oregon, and Cali- 
fornia. The pack of shad in 1922 amounted to 2,257 cases, valued at 
$9,961, and of shad roe to 433 cases, valued at $8,517. The shad 
are packed in half-pound flat, half-pound oval, and 1-pound tall 
cans; the shad roe in half-pound flat and 1-pound oval cans; all with 
48 cans to a case. 

The pack of canned alewives and alewife roe in 1922 was prepared 
in Maryland, Virginia, and North Carolina. The pack of alewives 
amounted to 1,043 cases, valued at $1,994, and of alewife roe 
to 38,298 cases, valued at $137,514. 

The pack of canned albacore in California in 1922 amounted to 
272,563 cases, valued at $2,304,935; canned tuna to 845,363 cases, 
valued at $1,989,977 ; canned bonito to 10,591 cases, valued at $58,900; 
canned yellowtail to 4,403 cases, valued at $18,994; and other canned 
products to 31,548 cases, valued at $182,033. These products were 
packed in cans of various sizes and mostly with 48 cans to a case. 

65067—23——_2 
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Shrimp were canned in North Carolina, Georgia, Florida, Ala- 
bama, Mississippi, and Louisiana. The pack in 1922 amounted to 
586,691 cases, valued at $3,064,087. Louisiana ranked first with a 
pack of 179,164 cases, valued at $951,302, and Mississippi ranked 
second with a pack of 174,466 cases, valued at $882,389. The greater 
part of the pack, or 545,402 cases, valued at $2,843,516, was put up 
in No. 1 cans, four dozen to the case. The remainder was packed in 
No. 14 and No. 24 cans, two dozen to the case, and No. 10 cans, one- 
half dozen to the case. 

Crabs were canned at two plants in Virginia, five in Alaska, and 
one each in Maine and Washington, the pack amounting to 9,111 
cases, valued at $104,171. 

The pack of razor clams in 1922 was confined to Washington, 
Oregon, and Alaska and amounted to 139,656 cases, valued at $879,- 
956. It included whole and minced clams and clam juice. The pack 
of hard clams, confined to Florida and Washington, amounted to 
538,849 cases, valued at $298,042, and included whole and minced 
clams, clam bouillon, chowder, and juice. Soft clams were canned in 
Maine, Massachusetts, and Rhode Island, and the pack amounted to 
116,635 cases, valued at $538,367, including whole clams, clam bouil- 
lon, chowder, and broth. 

In 1922 oysters were canned in Maryland, North Carolina, South 
Carolina, Georgia, Florida, Alabama, Mississippi, and Louisiana. 
The pack amounted to 522,549 cases, valued at $2,423,616, compared 
with 455,550 cases, valued at $2,179,271, the previous year. 

In addition to the canned products already referred to, there were 
packed in Maine, Massachusetts, New York, New Jersey, Maryland, 
Virginia, North Carolina, and Washington, 224,304 cases of miscel- 
laneous fishery products, valued at $840,329. 

In 1922 there were 45 factories engaged in the manufacture of 
products from menhaden, as compared with 39 factories in 1921. 
The number of menhaden utilized was 1,212,450,669, or 747,470,402 
pounds, valued at $2,457,690. The products included 93,576 tons of 
scrap and fish meal, valued at $3,221,758, and 7,102,677 gallons of oi], 
valued at $2,904,833, the total value of the products amounting to 
$6,126,591. 

The total production of fish oils in 1922, including menhaden oil, in 
the United States and Alaska amounted to 10,535,473 gallons, valued 
at $4,230,760. The various oils produced were as follows: Menhaden 
oil, 7,102,677 gallons, valued at $2,904,833; whale oil, 1,863,015 gal- 
lons, valued at $731,000; sperm oil, 384,130 gallons, valued at 
$153,714; herring oil, 450,362 gallons, valued at $150,144; sardine oil, 
428,859 gallons, valued at $145,668; tuna oil, 86,099 gallons, valued 
at $62,702; salmon oil, 25,989 gallons, valued at $9,435; cod and cod- 
liver oil, 71,539 gallons, valued at $33,666; and miscellaneous fish 
oils, 122,803 gallons, valued at $39,598. 

The production of fish scrap and meal, including menhaden, and 
shrimp bran in 1922 amounted to 116,166 tons, valued at $4,336,677. 
The production of dried scrap and meal was 89,459 tons, valued at 
$3,755,787; of acidulated scrap 25,712 tons, valued at $555,973; of 
crude or green scrap 483 tons, valued at $9,519; and of shrimp bran, 
562 tons, valued at $15,398. Of the quantity of dried scrap produced 
in the menhaden industry 7,172 tons, valued at $390,677, were re- 
ported sold as fish meal. 
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In 1922 there were 56 plants engaged in converting oyster shells 
into poultry grit and lime. The poultry grit produced from this 
source amounted to 236,021 tons, valued at $2,005,838, and the lime 
to 93,168 tons, valued at $431,213. 

Other by-products of the fisheries included fish glue, shark hides, 
agar-agar, pearl or fish-scale essence, shark fins, whalebones (skele- 
tons), whale tails, ambergris, herring skins, and alewife scales, to the 
value of $386,205. . 

FROZEN-FISH TRADE. 

Statistics of the cold-storage holdings of frozen fish have been 
collected and published by the Bureau of Markets, Department of 
Agriculture, beginning with October, 1916. These reports give the 
holdings on the fifteenth day of each month. Through the courtesy 
of that bureau arrangements were made in December, 1921, for the 
Bureau of Fisheries to publish and disseminate this information, 
beginning with the returns for January 15, 1922, in the form of a 
monthly statistical bulletin. This bulletin gives the holdings by 
species and sections, total holdings for the current month and for 
the same month of the previous year, the five-year average, holdings 
for the previous month, and the quantity of each species frozen dur- 
ing the month. 

In 1922 there were in operation 274 freezers that were devoted 
wholly or partly to the cold storage of fish. The holdings were very 
much smaller in 1922 than they had been on the corresponding 
dates in several previous years. The smallest holdings were in May 
and the largest in November. 

The greater part of the freezing of fish, or 80 per cent, was in the 
New England, Middle Atlantic (including the Great Lakes in 
New York and Pennsylvania), and the Northwestern States, which 
include Montana, Wyoming, Idaho, Washington, and Oregon. The 
total quantity of fish frozen during the year was 75,453,674 pounds. 
Of this quantity, 24.67 per cent was frozen in New England, 27.12 
per cent in the Middle Atlantic, and 27.94 per cent in the North- 
western section. Compared with the previous year, there was a 
decrease of 3,720,218 pounds in the total quantity frozen. The prin- 
cipal species and quantities frozen during the year 1922 were 
salmon, 12,143,194 pounds; ciscoes, 10,245,252 pounds; herring, 
7,964,778 pounds; mackerel, 6,165,248 pounds; whiting, 6,058,126 
pounds; and halibut, 5,122,396 pounds. Several other species were 
frozen in large quantities, and miscellaneous fishes not shown sepa- 
rately by species amounted to 10,956,348 pounds. 

NEW ENGLAND VESSEL FISHERIES. 

The bureau through its local agents has collected statistics of 
the vessel fisheries at Boston and Gloucester? Mass., and Portland, 
Me., which have been published in monthly and annual statistical 
bulletins. Two annual bulletins have been issued, one showing the 
catch by months and the other by ‘fishing grounds. There was a 
decrease in the number of trips with an increase in the quantity and 
a decrease in the value of the products landed at these ports as com- 
pared with the previous year. At Portland, while there was a de- 
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crease in the number of trips, there was an increase in both the 
quantity and value of the products landed. 

The fishing fleet at these ports during the calendar year 1922 num- 
bered 338 sail, steam, and gasoline-screw vessels, including 28 steam 
trawlers. These vessels landed at Boston 2,893 trips, aggregating 
106,190,403 pounds of fish, valued at $4,020,105; at Gloucester, 1,653 
trips, aggregating 37,751,223 pounds, valued at $813,853; and at 
Portland, 1,803 trips, aggregating 15,933,765 pounds, valued at 
$632,474. The total for the three ports amounted to 6,349 trips, 
ageregating 159,875,391 pounds of fresh and salted fish, having a 
value to the fishermen of $5,465,932. 
Compared with the previous year, there was a decrease of 857 

trips, or 11.89 per cent, in the total number landed by the fishing 
fleet at Boston, Gloucester, and Portland, and an increase of 9,010,285 
pounds, or 5.97 per cent, in the quantity, with a decrease of $256,697, 
or 4.48 per cent, in the value of the products landed. There was an 
increase in the quantity of all of the important species except pollock 
and halibut, and a decrease in the value of all except hake, herring, 
and swordfish. The catch of cod increased 1,665,151 pounds, or 3.11 
per cent, in quantity and decreased $95,488, or 5.51 per cent, in value; 
haddock increased 2,783,289 pounds, or 4.12 per cent, in quantity 
and decreased $236,770, or 11.57 per cent, in value; cusk increased 
149,035 pounds, or 7.10 per cent, in quantity and decreased $3,277, 
or 8.66 per cent, in value; and mackerel increased 1,342,567 pounds, 
or 39.67 per cent, in quantity and decreased $59,127, or 17.61 per 
cent, in value. Hake increased 838,139 pounds, or 18.47 per cent, in 
quantity and $1,728, or 15.76 per cent, in value; herring, 30,814 
pounds, or 1 per cent, in quantity and $40,747, or 100.84 per cent, 
in value; and swordfish, 1,684,108 pounds, or 105.41 per cent, in 
quantity and $128,610, or 40.39 per cent, in value. Pollock decreased 
1,847,926 pounds, or 26.60 per cent, in quantity and $46,636, or 28.32 
per cent, in value; and halibut, 41,879 pounds, or 0.73 per cent, in 
quantity and $19,017, or 2.36 per cent, in value. The catch of New- 
foundland herring increased from 551,400 pounds, valued at $19,584, 
in 1921, to 2,302,420 pounds, valued at $76,855, in 1922. In the 
various other species combined there was an increase of 2,406,992 
pounds, or 77.73 per cent, in quantity and $32,533, or 23.90 per cent, 
in value. 

The catch of scrod cod landed at these ports decreased from 
1,150,577 pounds, valued at $10,844, in 1921, to 815,371 pounds, 
valued at $9,200, in 1922; and the catch of scrod haddock increased 
from 30,562 pounds, valued at $535, in 1921, to 253,283 pounds, 
valued at $4,261, in 1922. The small quantity of these grades landed, 
as compared with other grades of these species, is said to be due to 
the fact that the price is so low that the fishermen do not save all 
that are caught. 

The fishery products landed at Boston, Gloucester, and Portland 
by fishing vessels each year are taken principally from fishing 
grounds off the coast of the United States. In the calendar year 
1922, 78.96 per cent of the quantity and 75.27 per cent of the value 
of the catch landed by fishing vessels were from these grounds; 
4.16 per cent of the quantity and 8.17 per cent of the value, consisting 
chiefly of cod, halibut, and herring, were from fishing banks off the 
coast of Newfoundland, and 16.88 per cent of the quantity and 16.56 
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per cent of the value from fishing grounds off the Canadian Prov- 
inces. There was some falling off in the percentage of products from 
grounds off the United States, with a small increase in that from 
grounds off Newfoundland and the Canadian Provinces compared 
with the previous year. Newfoundland herring constituted 1.44 per 
cent of the quantity and 1.40 per cent of the value of the fishery 
products landed at these ports during the year. The herring were 
taken from the treaty coast of Newfoundland and the cod, haddock, 
hake, halibut, and other species of that region were obtained from 
fishing banks on the high seas. Al fish caught by American fishing 
vessels off the coast of the Canadian Provinces were from offshore 
fishing grounds. 
Haddock ranked first in both quantity and value in the vessel fish- 

eries at these ports in 1922, the catch amounting to 70,195,998 pounds, 
valued at $1,809,400, all landed fresh except 131,385 pounds salted, 
valued at $2,736. The catch of cod was 55,180,165 pounds, valued at 
$1,635,279, including 5,006,170 pounds salted, valued at $188,552. 
The catch of hake was 5,374,247 pounds, valued at $111,331, all landed 
fresh except 32,910 pounds salted, valued at $555. The greater part of 
the catch was landed at Boston. The catch of pollock was 5,097,085 
pounds, valued at $118,006, all landed fresh except 49,300 pounds 
salted, valued at $938. The catch of cusk was 2,247,450 pounds, valued 
at $34,552, all landed fresh except 53,485 pounds salted, valued at 
$1,204. The catch of halibut was 5,624,149 pounds, valued at $784,057, 
all landed fresh except 15,706 pounds salted, valued at $915. There 
was a small decrease in the catch of halibut in both quantity and value 
as compared with the previous year. The quantity landed at Boston 
was 3,948,456 pounds, valued at $550,735; at Gloucester, 58,058 pounds, 
valued at $7,696; and at Portland, 1,617,635 pounds, valued at. 
$225,626. The catch of swordfish was 3,281,748 pounds, valued at 
$447,016; and of flounders, 3,281,827 pounds, valued at $134,749. The 
catch of herring amounted to 2,644,354 pounds, valued at $81,154. 
Of this quantity, 341,934 pounds, valued at $4,299, were taken off 
the coast of the United States and landed fresh, and the remainder, 
including 410,000 pounds fresh, frozen, valued at $20,500, and 
1,892,420 pounds salted, valued at $56,355, were Newfoundland her- 
ring. 

The total catch of fresh mackerel taken by the American fishing 
fleet in 1922 was 53,703 barrels, compared with 40,323 barrels in 1921, 
an increase of 13,380 barrels. The total catch of salted mackerel was 
2,749 barrels, compared with 38,242 barrels in 1921, a decrease of 493 
barrels. The quantity of mackerel landed at Boston, Gloucester, and 
Portland by the fishing fleet in 1922 was 4,726,747 pounds, valued at 
$276,499, of which 4,266,367 pounds, valued at $239,111, were fresh 
and 460,380 pounds, valued at $37,388, were salted. 

In 1923 the total catch of mackerel up to July 1 was 22,866 barrels 
fresh and 217 barrels salted, compared with 25,090 barrels fresh and 
2,344 barrels salted for the same period in 1922. The southern mack- 
ere! fleet numbered about 25 purse-seine vessels and 136 gill-net ves- 
sels. Both seiners and netters had poor success on account of windy 
weather and scarcity of fish during the spring months. The first 
catch was landed at Norfolk April 9, consisting of 300 pounds of 
large mackerel, which sold at 75 cents per pound in New York. This 
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was three days earlier than the landing of the first catch the previous 
year. A considerable quantity of tinker mackerel scattered in small 
schools was reported in the south. The first catch of mackerel from 
Cape Shore was landed at Yarmouth, Nova Scotia, May 29, consist- 
ing of 4,000 pounds of large mackerel, which were shipped to Boston. 
The first arrival at Boston, direct from the fleet, was on June 7, 
consisting of 20,000 pounds of large mackerel, which sold at 64 cents 
per pound. Fresh mackerel sold during the season from 6} to 40 
cents per pound, according to market conditions, and salted mackerel 
from Cape Shore sold at $11 per barrel. 

VESSEL FISHERIES AT SEATTLE, WASH. 

Statistics of the vessel fisheries at Seattle, Wash., have been col- 
lected by the local agent and published as monthly and annual statis- 
tical bulletins, giving the quantity and value of fishery products 
landed by American fishing and collecting vessels during the year at 
that port. 

The fishing fleet at Seattle in 1922 landed 836 trips, amounting to 
11,332,050 pounds of fish, having a value to the fishermen of $1,249,- 
822, from fishing grounds along the coast from Oregon to Portlock 
Bank, Alaska. The largest quantities were taken from Flattery 
Banks, west coast of Vancouver Island, and Hecate Strait. The 
products included halibut, 9,938,150 pounds, valued at $1,196,390; 
sablefish, 1,014,100 pounds, valued at $46,652; “ lingcod,” 258,200 
pounds, valued at $4,509; and rockfishes, 121,600 pounds, valued at 
$2,271. Compared with the previous year there was a decrease of 30 
trips by fishing vessels and 2,334,650 pounds, or 17.08 per cent, in the 
quantity and $173,481, or 12.18 per cent, in the value of the products. 
There was a decrease in the catch of halibut of 1,542,850 pounds, or 
13.43 per cent, in quantity and $139,268, or 10.42 per cent in value. 
The catch of sablefish decreased 505,300 pounds, or 33.25 per cent, in 
quantity and $17,033, or 26.74 per cent, in value. The catch of 
“lingcod ” decreased 205,100 pounds, or 44.27 per cent, in quantity 
and $11,882, or 72.49 per cent, in value; and the catch of rockfishes 
decreased 81,400 pounds, or 40.09 per cent, in quantity and $5,298, or 
69.99 per cent, in value. 

The fishery products taken in Puget Sound and landed at Seattle 
by collecting vessels during the year amounted to 15,083,390 pounds, 
valued at $964,832. This quantity included 13,615,780 pounds of 
salmon, valued at $882,481, and the remainder consisted of herring, 
sturgeon, steelhead trout, smelt, perch, rocl:fishes, “ lingcod,” floun- 
ders, sole, and crabs. Compared with the previous year there was an 
increase in the products landed by collecting vessels of 2,654,865 
pounds, or 21.36 per cent, in quantity and $185,954, or 23.87 per cent, 
in value. 

FISHERIES OF CALIFORNIA. 

Through the courtesy of the California Fish and Game Commis- 
sion the bureau has received statistics of the catch of fish, by species 
and by counties, for California, and also the quantity of fish imported 
into California from Mexico during the calendar year 1922. The 
catch of fish taken in the waters of California in 1922 amounted to 
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168,969,733 pounds, compared with 127,728,623 pounds the previous 
year, an increase of 41,241,110 pounds, or 32.28 per cent. The spe- 
cies taken in largest quantities were pilchards, 93,399,900 pounds; 
albacore and tuna, 17,920,019 pounds; flounders, 11,341,262 pounds; 
bonito, or skipjack, 10,998,855 pounds; salmon, 7,285,124 pounds; 
barracuda, 4,710,753 pounds; rockfishes, 4,238,480 pounds; yellowtail, 
3,111,198 pounds; mackerel, 2,466,762 pounds; white sea bass, or 
squeteague, 2,195,932 pounds; abalones, 1,523,394 pounds; and shad, 
1,109,445 pounds. 

The imports of fish from Mexico in 1922 amounted to 12,146,066 
pounds, as compared with 6,699,817 pounds the previous year. The 
principal species imported were albacore and tuna, 6,179,754 pounds; 
barracuda, 1,528,770 pounds; bonito, or skipjack, 1,792,592 pounds; 
flounders, 817,304 pounds; white sea bass or squeteague, 736,220 
pounds; sea crawfish or spiny lobster, 640,466 pounds; and yellowtail, 
303,292 pounds. . 

FISHERIES OF NEW YORK, NEW JERSEY, PENNSYLVANIA, AND DELAWARE. 

A canvass of the fisheries of New York, New Jersey, Pennsylvania, 
and Delaware was made for the calendar year 1921, and the results 
were published in condensed form as Statistical Bulletin No. 569. 

The number of persons engaged in the fisheries of New York was 
7,145, the investment was $13,836,455, and the products amounted to 
210,377,152 pounds, valued at $4,986,918. The principal species 
taken, in the order of their value, were oysters, 9,500,295 pounds, or 
1,357,185 bushels, valued at $1,785,913 ; menhaden, 179,447,799 pounds, 
valued at $1,117,235; flounders, 4,471,161 pounds, valued at $283,412; 
clams, 1,006,538 pounds, or 121,113 bushels, valued at $260,773; 
squeteagues, “sea trout,” or weakfish, 1,921,036 pounds, valued at 
$228,524; scallops, 1,235,760, or 205,960 bushels, valued at $217,108; 
lobster, 1,087,395 pounds, valued at $196,762; and bluefish, 1,082,917 
pounds, valued at $176,726. Compared with 1904, there was a de- 
crease of 4,348, or 37.83 per cent, in the number of persons employed; 
an increase of $3,214,839, or 30.26 per cent, in the investment; and a 
decrease of 67,272,595 pounds, or 24.23 per cent, in the quantity and 
$1,243,640, or 19.96 per cent, in the value of the products. 

The number of persons engaged in the fisheries of New Jersey was 
5,771, the investment was $4,701,704, and the products amounted to 
96,936,784 pounds, valued at $5,983,406. The principal species taken, 
in the order of their value, were oysters, 22,997,555 pounds, or 3,285,- 
365 bushels, valued at $2,759,930; squeteagues, “sea trout,” or weak- 
fish, 11,651,735 pounds, valued at $902,439; bluefish, 2,248,425 pounds, 
valued at $390,947; clams, 925,588 pounds, or 112,111 bushels, valued 
at $385,198; scup or porgy, 4,115,552 pounds, valued at $200,046; 
butterfish, 2,862,491 pounds, valued at $159,286; flounders, 1,985,340 
pounds, valued at $140,586; croaker, 3,815,554 pounds, valued at 
$126,700; menhaden, 30,405,093 pounds, valued at $121,451; and mack- 
erel, 584,386 pounds, valued at $100,556. Compared with 1904, there 
was a decrease of 3,323, or 36.54 per cent, in the number of persons 
employed, but an increase of $2,015,908 in the investment, and of 
6,828,716 pounds, or 7.57 per cent, in the quantity and $2,597,991, or 
76.74 per cent, in the value of the products. 
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The number of persons engaged in the fisheries of Pennsylvania 
was 591, the investment was $1,375,778, and the products amounted to 
594,613 pounds, valued at $44,621. The principal species taken, in 
the order of their value, were squeteagues, “sea trout,’ or weakfish, 
240,000 pounds, valued at $14,400; sea bass, 135,000 pounds, valued 
at $12,500; scup or porgy, 142,000 pounds, valued at $7,100; shad, 
18,872 pounds, valued at $5,834; suckers, 21,199 pounds, valued at 
$2,469; carp, 9,712 pounds, valued at $1,511; and alewives, 20,085 
pounds, valued at $405. Compared with 1904, there was a decrease 
of 821, or 58.14 per cent, in the number of persons employed, of 
$721,937, or 34.41 per cent, in the investment, and of 1,451,681 pounds, 
or 70.94 per cent, in the quantity and $122,878, or 73.36 per cent, in 
the value of the products. 

The number of persons engaged in the fisheries of Delaware was 
976, the investment was $585,616, and the products amounted to 
25,023,193 pounds, valued at $652,448. The principal species taken, 
in the order of their value, were oysters, 4,315,731 pounds, or 616,533 
bushels, valued at $450,873; menhaden, 18,082,000 pounds, valued at 
$67,970; squeteagues, “ sea trout,” or weakfish, 886,550 pounds, valued 
at $53,317; croaker, 418,873 pounds, valued at $18,682; shad, 86,836 
pounds, valued at $16,312; carp, 87,820 pounds, valued at $13,166; 
sturgeon, including roe, 13,962 pounds, valued at $6,952; and ale- 
wives, 851,590 pounds, valued at $6,431. Compared with 1904, there 
was a decrease of 923, or 48.60 per cent, in the number of persons 
employed, and of $84,379, or 12.59 per cent, in the investment, but 
an increase of 19,414,904 pounds, or 346.18 per cent, in the quantity 
and $392,858, or 151.53 per cent, in the value of the products. 

SHAD FISHERY OF THE HUDSON RIVER. 

The shad fishery of the Hudson River in 1921 had engaged 307 
persons, the investment was $44,607, and the catch was 35,448 shad 
in number, or 130,803 pounds, valued at $30,623. Of this quantity 
28,948 shad, or 104,883 pounds, valued at $24,329, were taken in New 
York, and 6,500, or 25,920 pounds, valued at $6,294, in New Jersey. 
Compared with 1920, there was a decrease of 61 persons, and of 13,867 
shad, or 69,041 pounds, and $25,706 in the value, but an increase of 
$4,256 in the investment. i 

In 1922 there were engaged 272 persons, the investment was $40,842, 
and the catch was 48,336 shad, or 175,186 pounds, valued at $39,706. 
The catch in New York was 36,111 shad, or 128,324 pounds, valued 
at $27,451, and in New Jersey, 12,225 shad, or 46,862 pounds, valued at 
$12,255. Compared with 1920, there was a decrease of 96 persons, 
and of 979 shad, or 24,658 pounds, and $16,603 in the value, with 
practically no change in the investment. 

FLORIDA SPONGE FISHERY. 

The quantity of sponges sold at the Sponge Exchange, Tarpon 
Springs, Fla., in 1922, was 526,885 pounds, valued at $699,092. This. 
total included large wool sponges, 248,475 pounds, valued at $596,199; 
small wool, 70,478 pounds, valued at $42,286; yellow, 115,455 pounds, 
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valued at $37,637; grass, 84,892 pounds, valued at $20,379; and wire, 
7,585 pounds, valued at $2,588. It is estimated that sponges to the 
value of $50,000 were sold at Tarpon Springs outside of the exchange. 
Information as to the quantity sold at Key West is not available but 
is known to be comparatively small. 

INQUIRY RESPECTING FOOD FISHES AND FISHING GROUNDS. 

INTRODUCTION. 

The effect of the gradual development of the fisheries of the United 
States has borne unequally upon the several resources exploited, 
partly as a result of the intensity with which the fisheries have been 
prosecuted in relation to the abundance of the original supply, partly 
owing to peculiarities in the distribution and life histories of the 
several species, partly as the consequence of ruinous methods of fish- 
ing or wanton and short-sighted destruction, and partly as an in- 
evitable sequence of the social, industrial, and commercial develop- 
ment of the country and the consequent modification of the character 
cf the waters. Certain species like the sturgeon have become almost 
extinct commercially, the natural oyster beds in some originally 
richly endowed areas have been depleted or destroyed, the Atlantic 
salmon has become hardly more than a memory in the United States, 
the shad runs in almost all streams are sadly reduced, the salmons 
of the Pacific Coast States and Alaska are no longer able to support 
the fisheries of former years, and in some places are on the verge of 
economic extinction, and the halibut banks of the western Atlantic 
have been reduced far below their pristine productivity, and those 
of the north Pacific Ocean are following the same course. 

The resources that have been more particularly affected are those 
that are fixed to the bottom or have limited powers of locomotion, 
those that are confined to circumscribed bodies of water, or that run 
into such waters for spawning or other purposes at certain seasons of 
the year, or those that mature slowly and are represented by compara- 
tively few individuals of large size. 

On the other hand, there are many fishes, particularly marine 
species, some of them of paramount economic importance, that show 
no indications of depletion. These are mainly species of wide distri- 
bution, abundance, and high reproductive capacity and that at no 
time congregate in narrow waters where they come under the control 
of the activities of man as exhibited by fishing operations or obstruc- 
tion, pollution, or other alteration of their accustomed environment. 
Tt does not follow, however, that because no evidences of depletion 
have been detected it can be assumed certainly in all cases that it has 
not begun, or that it may not occur as the cumulative result of exist- 
ing operations and conditions or future developments. 

The correction of existing and the prevention of prospective de- 
pletion has been sought principally through the agency of fish culture 
and legislation more or less restrictive of fishing operations and prac- 
tices. It is obvious that a foundation for these measures must be 
established on an accurate and reasonably complete knowledge of the 
life histories of the organisms with which they deal, as otherwise 
they may prove wasteful and ineffective while at the same time im- 
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posing futile obstacles to the development of a legitimate and essen- 
tial industry. The work of the division of scientific inquiry of the 
bureau is directed to the acquisition of this knowledge and its adapta- 
tion to the needs of the fisheries, its principal activities during the 
fiscal year being epitomized in the following pages. 

STUDIES OF FISHES. 

The salmon fisheries of Alaska present the most critical problem 
of fishery conservation confronting the bureau at the present time, 
the intensity of the fishery developed during recent years having 
very seriously depleted the runs in some streams, while almost every- 
where the diminution has made itself manifest to a degree threaten- 
ing eventual disaster. As 1s explained in more detail elsewhere 
in this report, the laws under which the bureau has been endeavoring 
to conserve this fishery are inadequate, and it has been necessary to 
invoke the powers of the President to create fishery reservations to 
give the immediate control of the situation necessary to save the fish. 

While studies made during the past decade have added much to 
knowledge of the habits and life histories of the Pacific coast sal- 
mons, their wide distribution from California to the Arctic, the dif- 
ferences in environment through their range, and the fact that 
practically each stream has its own exclusive school of fish, makes 
their study laborious, time-consuming, and difficult. With the 
purpose of preparing a sound basis for regulatory measures that will 
conserve the fish while permitting the maximum safe exploitation 
of the fisheries, the bureau for a number of years past has engaged 
specialists to conduct the necessary investigations. 

The enumeration of the salmon passing into Karluk River, on 
Kodiak Island, which has been referred to in previous reports, was 
continued during the year and a similar work was undertaken at 
Chignik. These studies are intended to furnish data of the ratio 
of fish on the spawning grounds to the total run necessary to main- 
tain an unimpaired supply. 

In an effort to determine the composition of sea schools of salmon 
in respect to the location of their spawning streams, about 4,000 
adult fish were marked with aluminum tags at various places on or 
near the Alaska Peninsula. A considerable percentage of these was 
retaken, and valuable data were obtained regarding the oceanic 
migrations of the fish. This work will be supplemented and ex- 
tended by tagging about 10,000 fish during the fiscal year 1924. A 
report on the progress of these studies was published during the 
year. Since 1916 nearly 750,000 young salmon have been marked 
by cutting off various of the fins and liberating them in the Co- 
lumbia, Sacramento, and Quinault Rivers. On their return to 
the streams after several years spent in the sea these fish are easily 
recognized. During the spring of 1920, 100,000 young sockeye 
salmon, reared from eggs brought from Alaska in 1918, were so 
marked and liberated in the Columbia River with the invaluable 
cooperation of the Oregon Fish Commission. In 1922 large numbers 
of these, grown to maturity, returned to the river, and scales and 
data from approximately 1,200 were obtained. This, of course, 
does not represent the number entering the river. The fish, both 
in external appearance and qualities of flesh, retained the char- 
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acters of their Alaskan ancestry, being distinctly different from 
native Columbia River fish of the same species. 
Many of the important former spawning grounds of the blueback 

salmon of the Columbia River have been made inaccessible by the 
construction of power and irrigation works, and in 1922 an investi- 
gation was made to locate the spawning places now resorted to. It 
was found that a spawning run progresses at least to Sunbeam Dam 
on Salmon River, Idaho, and that the improvement of the fishway 
at that place to make it more readily passable to fish bound for 
Redfish Lakes should be undertaken. 

The investigations on the Coregonine, or whitefishes, which are 
among the most important commercially of the Great Lakes, have 
been continued; the field work was completed early in the fiscal year, 
and the attention of the investigators has been directed for some 
months to the examination and comparison of collections and the 
compilation of data to be included in the final report on the system- 
atic relations and natural history of the various species. Many data 
bearing on the differences between various races of whitefish and 
other coregonine fishes are now available, and especial attention is 
being given to the life history of the whitefish. The University of 
Michigan and the State Biological Survey are evincing a fine spirit 
of cooperation, which will materially aid and advance the work. 

For a number of years the bureau made investigations, as oppor- 
tunity occurred, of the salmons, trouts, and smelts of the Atlantic 
coast, but the work was suspended in 1921 on the resignation of the 
assistant who had been conducting it. It was resumed during 1923 
on the return of the investigator to the service, and considerable prog- 
ress has been made in assembling the accumulated data for publica- 
tion. Some light has been thrown on the complicated relationships 
of the trouts, and material is on hand for clearing up certain puzzling 
matters of particular interest to fish culturists and anglers, but dur- 
ing the year attention has been devoted chiefly to smelts, which are 
important economically both as local food supplies, as entering into 
commerce, and as food for other fishes. As a consequence of the 
assiduity with which the smelt fisheries have been prosecuted, the 
supply of fish is being depleted gradually, and the report in prepara- 
tion will be comprehensive of all facts relating to them that may be 
significant in efforts toward their conservation where still abundant 
and their increase in waters that have been depleted. 

In cooperation with members of the faculty of the University of 
Wisconsin, studies of the natural foods of fresh-water fishes, par- 
ticularly the basses, sunfishes, and perch, in wild waters, have been 
conducted with very small assistance from the bureau. 

The available fisheries of interior waters and of the streams falling 
directly into the sea, as a whole, are now exploited to their permissible 
limits, and in some cases already mentioned are showing more or less 
marked indications of exhaustion. For increased production of 
fish food to meet the demands of growing population recourse must 
be had to that great reservoir of food, the sea. Of the strictly 
marine fishes none of the more important species, with the exception 
of the halibut, are exhibiting the criteria of depletion excepting, per- 
haps, locally; but with a conceivably possible but by no means immi- 
nent large increase in consumption, such symptoms may manifest 
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themselves on some of the banks and fishery grounds more adjacent: 
to our coasts, and it 1s not impossible that they are already present 
obscurely. It will be highly important to recognize them promptly, 
that corrective measures may be taken before conditions become so 
critical as to require drastic action economically objectionable. For 
these reasons comprehensive investigations of important fishery areas. 
north and east of Cape Cod were undertaken a number of years ago 
and continued to the present time, with an interruption of several 
years during the war. 

The fundamental facts of the distribution of water temperatures: 
and salinities, the horizontal and vertical circulation of the water, 
the resulting production and distribution of the primary foods of 
fishes, and the dissemination of their eggs and young have been 
determined more accurately than on any other part of our Atlantic 
coast. During the year the most important workin this connection 
has been the release of 1,500 drift bottles for current determina- 
tions in cooperation with studies of like character conducted by the 
Canadian Government in the home waters. Plans have been laid 
for supplementary work during the fiscal year 1924. Also, follow- 
ing a project of cooperation with Canada, 2,396 cod, haddock, and 
pollock were marked with metal tags and released, and the practice 
will be continued until a total of 10,000 fish has been so treated. 
This experiment is to elucidate the facts of the migration, growth, 
ete., of these important food fishes, and will be supplemented by 
other studies during the coming year that will develop the other 
information necessary for the formulation of conservation measures, 
which at any time may become necessary. 
A correlated investigation during the year was the study of the 

seasonal changes of the plankton of the vicinity of Woods Hole, 
based largely on the collections made by the bureau’s laboratory at 
that place over a long series of years. Plankton is composed of the 
floating plants and animals, mostly minute, which constitute prac- 
tically the sole food of most marine fish fry and directly or indi- 
rectly the food of most of the adults. On it primarily depends the 
fish production of the sea. 
During the year there was completed and submitted for publica- 

tion a comprehensive report briefly describing all of the fishes known 
to occur in the Gulf of Maine and epitomizing what is known of 
their life histories. This work, and a large part of the other work 
of the bureau in that region during the past 10 years, has been made 
possible by the cooperation of the director of the Museum of Com- 
parative Zoology at Cambridge, Mass., and Dr. H. B. Bigelow, of the 
same institution. 

The field work of the investigation of the fisheries of Chesapeake 
Bay was completed in June, 1922; the collections and data have been 
consigned to specialists, and considerable progress has been made 
toward a comprehensive report on the region. This investigation 
repeats, in a more circumscribed area, the general features of that 
conducted in the Gulf of Maine. The U. S. Coast and Geodetic 
Survey, the U. S. Geological Survey, and the U. S. Weather Bureau 
have all cooperated by furnishing valuable data respecting the hy- 
drography and meteorology of the Chesapeake basin. 
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OYSTER INVESTIGATIONS. 

Oyster investigations in Long Island Sound and Great South Bay 
were continued during the year, the field work lasting from early 
in June until September 20. 

The special purpose of the work in Great South Bay is to discover 
the cause of the great mortality which frequently occurs after an 
abundant “set” has apparently established the basis for a good 
crop. The presumption has been established that this is due to con- 
ditions peculiar to the bottom or the stratum of water near the bot- 
tom. Well-grown oysters of the set of 1921 were found in compact 
groups in various situations a few feet above the bottom, while all 
those that had set so abundantly on or near the bottom had died 
shortly after becoming attached. The work planned for the summer 
was the testing of various types of cultch that would permit a set 
above the danger zone, but this purpose was defeated by the exceed- 
ingly poor set of 1922, possibly due to unstable water conditions. 

The investigations in Connecticut revealed that a much better 
than ordinary set followed a reasonably early spawning in harbor 
and inshore waters, lending some confirmation to the previous indi- 
cations that failures of recent years have been due to the depletion 
of the inshore beds from overtishing and the results of pollutions. 
Oyster larve were found in Housatonic River, recently devoid of 
oysters, where some had been planted in the spring. 

In cooperation with the Bureau of Chemistry a study was made of 
conditions in Housatonic River and New Haven Harbor in respect 
to trade pollutions from heavy metals, oxygen content, and alka- 
linity. One of the difficulties encountered in all of these investiga- 
tions has been the lack of precise information regarding the pris- 
tine and present hydrographic and planktonic conditions. To fur- 
nish such data of the existing state of the waters, the ish Hawk, 
under the direction of the naturalist of the Albatross, was detailed 
to make a survey of conditions that might bear on the mortality 
obtaining among the oyster fry and the spat after a brief period 
of survival. The field work was practically complete at the close 
of the fiscal year, with the exception of a few weeks’ special study 
of inshore polluted areas. 

INVESTIGATIONS RELATING TO FISH CULTURE. 

The biological station at Fairport, Iowa, has continued its experi- 
ments in the culture of various of the important commercial fishes 
of the Mississippi Valley. The hatching and rearing of buffalo 
fish in ponds as an adjunct to the farm-food supply appears feasi- 
ble, but it is doubtful if the species can be so produced on a com- 
mercial scale, owing to the large pond area required for attainment 
of maximum growth in large numbers. 

The results of experiments with the channel cat have been suffi- 
ciently promising to warrant setting aside several ponds for the 
work, and at the close of the year the indications were that there 
would be justification for undertaking the work on a basis of prac- 
tical magnitude next season. 

The spawning habits of the paddlefish, a disappearing species par- 
ticularly valuable for the production of caviar, are entirely un- 
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known, notwithstanding the work of a number of investigators. A. 
number of young fish are now being reared at the laboratory, but 
they have not yet reached the spawning age. 

The hackleback sturgeon is another highly prized fish likewise 
imperiled by the fishery as now conducted, and drastic control will 
be necessary if it is not to be economically exterminated. Unlike 
most fishes, the hackleback does not spawn annually. The rock 
sturgeon is in the same category with the hackleback in respect to 
its individual value and waning numbers, and both species have been 
the subject of study and experiment for the development of prac- 
tical regulatory and fish-cultutal measures for their conservation. 

The bureau’s fish pathologist has been engaged principally in the 
investigation of certain diseases that have produced serious losses of 
fish at various hatcheries and during distribution of the young. 
One of the most widespread and destructive of these maladies affect- 
ing trout was found to be due to an intestinal parasite (Octomitus 
salmonis) which causes fatal enteritis. No means for directly com- 
bating this disease have been developed, but palliative measures, 
such as the avoidance of overcrowding and the maintenance of 2 
lower water temperature during transportation, have decreased the 
mortality. : 

The brood stock of bass and, to a minor degree, other pondfishes 
at Neosho (Mo.) station has developed from time to time numerous 
cases of sterility, which have seriously curtailed the output of the 
station. An investigation during the past year has shown this to be 
due to an ovarian infection by the larvee of a tapeworm. 

During the latter part of the year a series of experiments for 
developing a more satisfactory diet for trout was inaugurated at 
the hatchery at Manchester, Iowa, and the laboratory at Fairport, 
Towa, under the direction of the fish pathologist. In the hght of 
present knowledge of mammalian nutrition, to which much atten- 
tion has been directed in recent years, it appears that the foods now 
used in hatcheries may be deficient in certain essential constituents, 
particularly vitamines and salts. It is not improbable that these 
deficiencies may contribute to the troubles encountered by fish- 
culturists, and it is hoped that a more fully adequate ration can be 
devised as a result of the current investigation. 

The pathologist and several members of the staff of Fairport 

laboratory have made a number of investigations of epidemics oc- 
curring both in wild waters and in State and private hatcheries. 

FRESH-WATER MUSSELS. 

Investigations and experiments relating to the pearl-button 

mussels of the Mississippi River drainage system have been con- 

tinued in the interests of improvement in the methods of mussel 

culture and other essentials for the conservation of these economi- 
cally important mollusks. 

Studies of the factors affecting the survival and growth of juvenile 

mussels after they have passed the parasitic larval stage have been 

attended with results warranting the establishment of a small rear- 

ing system, consisting of 150 metal troughs with a capacity of about 
750,000 mussels, an important feature of which is the exclusion: 

of light. The indications are that more tangible and _better- 
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controlled results will accrue from this method than are now at- 
tained by the infection of fish liberated in the open waters with all 
the attendant uncertainties as to the fate of the little mussels dropped 
fortuitously. 

Statistical and biological surveys have been conducted during the 
year in Lake Pepin and Lake Pokegama, in both of which mussel 
culture has been carried on for several years. In Lake Pepin there 
has been also an alternate sectional closure to commercial mussel fish- 
ing. The survey of Lake Pepin indicates that there has been an 
increase in the commercially important mucket (Lampsilus luteola), 
propagated by the bureau, while the other species not propagated 
have decreased. The facts developed in this survey are the most 
conclusive evidence of the value of mussel culture so far obtained. 

The personnel of the Fairport laboratory has been active in assist- 
ing the State authorities in developing rational legal measures for 
the conservation of the mussel beds, as a consequence of which the 
States of Minnesota, Iowa, Wisconsin, and Illinois have entered into 
cooperative closure of alternate sections of the Mississippi River 
between Brownsville, Minn., and Keokuk, Iowa, and Arkansas has 
announced the intention to pursue the same system of regulation on 
the Black and White Rivers. 

MOSQUITO CONTROL. 

Investigations relative to mosquito control by means of fish, par- 
ticularly the top minnow Gambusia, were continued at Augusta, Ga., 
from July 1 to November 10, in cooperation with the U. S. Public 
Health Service. 

The problems under immediate consideration were the effects of 
various types of vegetation on mosquito production; the effects of 
increased competition for food among Gambusia upon the rate of 
mosquito production; sex frequency and the relative vitality of the 
sexes of Gambusia; and the proper treatment of the fish in captivity 
and under shipment. 

Tests made with various types of vegetation, including some that 
have been considered inimical to mosquito production, show that few, 
if any, of them prevent mosquitoes breeding, but that many species 
of plants do not form barriers between top minnows and mosqiito 
larve and are therefore neutral in their effects on mosquito produc- 
tion in waters containing the minnows. It was shown also that it is 
not always the dense vegetation, as is commonly believed, that 
forms the best protection for mosquito larve against fish. 

Competition for food among Gambusia is advantageous, and even 
in the presence of a serious barrier complete mosquito control may be 
approached if sufficient minnows are present. The observations on 
the vitality of the sexes indicated that the males succumb more easily 
than the females. 

Under shipping conditions Gambusia lived equally well in vessels 
of the same diameter when only one-third full of water as they did 
when the vessels were filled two-thirds full, and tests indicate that 
shipments can be made most successfully when the temperature of the 
water ranges from 83° F. downward. During December, 1922, 200 

Gambusias were shipped to Palestine with a loss of but 30 en route. 
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During the year two rather extensive trips were made by the 
assistant in charge of the investigation to various sections of the 
Southeastern States for the purpose of inspecting malaria-control 
projects and to offer suggestions to local health officers concerning 
the proper use of mosquito-destroying fish. The annual conferences 
of the National Malaria Committee and the field men conducting 
malaria-control work were attended. 

FOULING OF VESSEL BOTTOMS. 

In September, 1922, at the request of the Navy Department, the 
bureau undertook direction of an investigation of the marine growths 
on the bottoms of ships to determine, if possible, the conditions gov- 
erning the amount and character of such growths and the possible 
seasonal and regional factors affecting them, with a view of securing 
data on the problem of preventing their attachment to ships’ bot- 
toms, as well as to determine the docking intervals for ships in 
various kinds of service. 

The investigation has also indicated, rather conclusively, that most 
of the fouling occurs while the ships are in harbors and that vessels 
in commission that never stay more than six or seven days in any 
port and that travel between ports a considerable distance apart do 
not foul seriously, at least during August to March, in the North 
Atlantic Ocean. On the other hand, it is found that vessels that lie 
continuously at anchor in any one port for the five or six winter 
months become heavily coated with hydroids but not with barnacles. 

Cooperation has been extended to the Navy Department in testing 
the relative efficiency of various antifouling paints. 

MISCELLANEOUS INVESTIGATIONS IN INTERIOR WATERS. 

Cooperation has been continued with the Wisconsin Geological and 
Natural History Survey in important investigations of the funda- 
mental conditions of fish life in lakes. The aquatic plants, the 
plankton, bottom fauna, and mussels of Green Lake were studied 
during the past year with reference to quantity and distribution. 
Arrangements have been made for the continuance of these investi- 
gations during the fiscal year 1924. 

In cooperation with the Illinois Natural History Survey, the Chi- 
cago Drainage District, and the U. S. Public Health Service, a 
statistical survey of the Illinois River for 1921 was made by members 
of the staff cf the Fairport Biological Station in connection with a 
study of the effects of pollution and the reclamation of land along 
the stream upon public health, recreation, agriculture, and the fish- 
eries. 

During the summer of 1922, in cooperation with the National Park 
Service, the bureau made an investigation of the pelicans in the Yel- 
lowstone National Park to determine their destructiveness in rela- 
tion to the trout, the supply of which the bureau helps to maintain 
by artificial propagation. The results of this investigation indicate 
that the pelican is a highly specialized predatory bird, and that its 
breeding period in the park is so precisely synchronized with that of 
the trout that its depredations effect maximum losses. It was origi- 
nally suggested that attention be directed rather definitely to the 
problem presented by the parasites of the pelicans and of the trout 
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in Yellowstone Lake. Some data were secured on this point, but 
the general problem of the destructiveness of the birds with respect 
to the trout, after conferences on the ground, was considered to be of 
such immediate importance that the question of parasites was tempo- 
rarily relegated to the background and has not been the subject of 
special attention. 

OPERATION OF BIOLOGICAL LABORATORIES. 

The biological laboratory at Fairport, Iowa, has been operated as 
usual, conducting investigations and experiments in the interests of 
the economic aquatic resources of the Mississippi Valley and prac- 
tical fish culture and mussel culture as an aid to their conservation. 
The more important activities have been mentioned briefly in their 
appropriate places in preceding pages of this report. 

The laboratory at Woods Hole was operated during the summer 
with a small staff of the bureau’s employees, and its facilities were 
extended, at no additional expense, to a number of independent 
investigators making studies of various problems of marine biology. 
During the remainder of the year it was used as a base for the staff 
of the Albatross, who were engaged in investigations of the basic 
tood organisms of the region and in the oceanographic and biologic 
studies mentioned in connection with the investigation of the causes 
of the disastrous conditions obtaining in the oyster industry in Long 
Island Sound and contiguous waters. 

There is still an almost complete lack of personnel at the Beaufort 
(N. C.) laboratory, due to the impossibility of filling the vacant posi- 
tions with competent men at the salaries available. The work on 
diamond-back terrapin culture made some progress, and the facilities 
of the laboratory were profitably employed during a large part of 
the year by investigators of the Navy Department employed in the 
study of fouling of ships’ bottoms. During the summer of 1922 sey- 
eral independent investigators made use of the laboratory. Repairs 
have been made to buildings, sea wall, and grounds, and the station 
is in satisfactory physical condition. 

The situation at Key West (Fla.) laboratory is also unsatisfactory 
in respect to personnel for the same reasons as at Beaufort. Some 
improvement in the buildings and grounds were made during the 
year, but the incomplete condition of the station and the lack of per- 
sonnel render it nearly unproductive at present. 

POLLUTION OF WATERS. 

The bureau’s recommendation of a small appropriation for the 
systematic study of water pollutions in their relation to the fisheries 
failed to receive the favorable consideration of Congress, and this 
important subject has received practically no attention during the 
year excepting as a part of the investigation into the conditions caus- 
ing the failure of the oyster set in Long Island Sound. I feel that 
T can not do better than reiterate the statement carried by my report 
of last year: 

Pollution of interior streams and waterways by industrial wastes and munic- 
ipal sewage has been the subject of complaint and protest for many years. 
Industry itself frequently has been a victim of its own acts through inability 
to use the polluted water with safety in boilers or for the many other indus- 
trial purposes that require pure water. The public health has been menaced, 
public works have been damaged, agriculture has suffered, and in some parts 

of the country the streams have been swept bare of living things, including 

65067—23——4 
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fishes and other animals of economic importance. Recently the vast develop- 
ment of petroleum production and transportation, the use of its derivatives for 
manifold purposes ashore, and particularly as fuel on ships, has introduced a 
new element of serious poilution in the great harbors and in places on the open 
coast. 

The pollutions are almost as varied as industry and in many cases are not 
only complex in themselves but are further complicated by their reactions on 
one another and on the natural constituents of the waters themselves. The 
waters can not be restored to their pristine purity, nor to any state approach- 
ing it, by mere legislative fiat, and the sooner that fact is appreciated and 
constructive measures are taken the better for the public welfare. 

The pecuniary losses now suffered as the result of water pollutions are enor- 
mous, and the preventable damage to the life and beauty of our streams, lakes, 
and seacoast is beyond estimate in terms of mere money. If existing abuses 
are to be corrected and new ones prevented without inflicting widespread 
economie injury, something more constructive than drastic laws must come 
into being. There must be corrective legislation, but it should be based on 
something more substantial than a perfectly justifiable desire for improvement. 
Complete utilization of raw materials is an ideal not attainable. Industry 
must be accompanied by “ waste,” and the wastes must be disposed of in some 
manner. The problem is to devise ways of disposing of them so as to mini- 
mize their harmfulness while still permitting industrial development. This 
is the problem of the biologist, the chemist, and the engineer working in co- 
operation. 

The effects of these pollutions on the fisheries are the only phases of the 
subject that officially concern the bureau, and it has continued to endeavor, 
so far as its means would permit, to contribute to the solution of the problems 
involved; but it is futile to expect that much can be done unless money and, 
particularly, trained and capable men are provided for the purpose of determin- 
ing facts and their practical and scientific implications. . 

PROPAGATION AND DISTRIBUTION OF FOOD FISHES. 

REVIEW. 

During the fiscal, year 1923 the fish-cultural operations of the 
bureau were conducted along the same lines as in 1922. Work at 
some of the more remote substations had to be discontinued owing to 
insufficient funds, particularly on the Pacific coast, where it is the 
practice to operate widely scattered field stations on or near the 
spawning grounds in order to supply the salmon hatcheries with 
their full quota of eggs. No attempt was made to collect eggs of the 
pike perch and yellow perch at the Bay City (Mich.) or the Swan- 
ton (Vt.) substations. In the marine fish-cultural field the usual 
offshore work of collecting and fertilizing eggs of the cod, haddock, 
and other commercial species, and immediately returning them to the 
natural spawning grounds, had to be omitted. 

The Green Lake (Me.) station was closed at the beginning of the 
fiscal year by authority of Congress, on the recommendation of the 
bureau. Fish-cultural work at this station has been handicapped by 
the nature of the water supply, taken from a large open pond, which 
frequently during the early spring months attained a temperature 
too high for trout rearing, thus necessitating the premature plant- 
ing of all stock on hand. In view of the limitations imposed on the 
work by these conditions, and the very appreciable increase in the 
cost of maintaining and operating the station within recent years, it 
was deemed advisable to close it. 

Generally speaking, conditions were not favorable to fish culture 
during the year. Low-water stages on the west coast interfered with 
the run of fish in many of the streams early in the season, only 
to be followed later by heavy floods, which in some instances carried 
away the racks and permitted the escape of the brood stock held 
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below. A large number of lake-trout eggs were taken, but adverse 
weather during the spawning season curtailed the collections of 
whitefish and cisco eggs. 

In the Lake Erie field pike-perch propagation was seriously cur- 
tailed by the late spring and the large accumulations of ice remain- 
ing on the spawning grounds beyond the usual time. On the other 
hand, a remarkably good showing was made in the propagation 
of carp at Port Clinton, Ohio. The carp fishery of this region is 
an important industry, yielding an annual product valued at approxi- 
mately a million dollars, and the local fishermen are very apprecia- 
tive of the bureau’s efforts to maintain the supply. As a result of 
their hearty cooperation, the collection of eggs last season was the 
largest ever made by the bureau. The fishermen take carp in large 
numbers in the course of their ascent of the Portage River during 
the spring to spawn and transfer them to ponds from 5 to 15 acres 
in area, where they are held and fed on shelled corn until September 
and are then shipped alive to the New York markets. The buffalo- 
fish, a species which the commercial fishermen regards as more valu- 
able than the carp, was introduced into the Portage River by the » 
bureau several years ago and appears to have become established 
there. 

A successful season was experienced in the collection of buffalo- 
fish eggs in Louisiana, but owing to pollution of the water supply 
from floods in the Ouachita River, very heavy losses were sustained 
during the incubation period, thus reducing the output. The bureau 
received considerable assistance in the collection of the eggs and the 
distribution of the fry through the cooperation extended by the 
Louisiana Conservation Commission. 

The collection of cod eggs on the Atlantic coast was the largest 
ever made by the bureau, but there was a considerable reduction in 
the output of other species from the marine hatcheries owing partly 
to adverse natural conditions during the spawning season and partly 
to lessened activities of the commercial fishermen on account of the 
low market prices prevailing for the species in question during the 
spawning period. 

Shortage of funds necessitated the omission of the usual purchase 
of adult Atlantic salmon as a source of egg supply for the Craig 

Brook (Me.) station. Thus far the Penobscot River fishermen have 

refused to cooperate with the bureau on a reasonable basis in its 

efforts to maintain the supply of salmon in that river, and unless 

they can be prevailed upon to adopt a more favorable attitude a 

large measure of success can not be expected. It is essential that the 

fishermen turn over brood fish to the bureau at the prevailing 

market price without requiring a bonus for handling, as at present. 

The maintenance of the salmon supply in this region is of far 

greater importance to the local fishermen than to anyone else, and 

they should lend the bureau a reasonable amount of assistance In 
connection with its efforts in their behalf. 

The shad-spawning season on the Potomac River was unusually 

late, no eggs being available until near the end of April, fully three 

weeks beyond the usual time. Scarcity of snow, slight rainfall, and 

unseasonably low temperatures undoubtedly had their effect in delay- 

ing and shortening the spawning period. Shad are extremely sens1- 

tive to the temperature and quality of water, and they will enter those 

streams only where the conditions are favorable. 
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As will be noted from the summary of distribution, the output of 
fingerling fish of all species was 35 per cent smaller than that of the 
previous year. This is largely accounted for by the smaller number 
of rescued fish handled as compared with that year. Shortage in the 
general propagation fund also had its effect upon this branch of the 
work, as large numbers of young fish can not be reared without in- 
volving considerable expense for food and labor. 
During the fiscal year 1923 fish-cultural work was conducted by the 

bureau in 83 States and in the Territory of Alaska, involving the 
operation of 37 main stations and 32 auxiliaries, and the propagation 
of over 40 species of food fishes. Consignments of eyed eggs of cer- 
tain species were furnished on request to several foreign Govern- 
ments, and in numerous instances allotments of eggs were transferred 
to State hatcheries and other stations of the bureau as an economical 
and efficient means of rehabilitating depleted waters. 

The bureau does not transfer eggs or fry of the important commer- 
cial fishes to points remote from the source of collection, as the entire 
available supply is needed for the maintenance of the fisheries in 
home waters. This applies especially to the Pacific salmons, to the 
whitefish, lake trout, and pike perch of the Great Lakes region, and 
to the shad and the marine species of the Atlantic coast. 

Summary, by species, of the output of fish and fish eggs during the fiscal year 
ended June 80, 1928. 

Species. Eggs Fry Fingerlings. Total, 

Cates oot oo ares dod eabec teed ee saaleine oleae ee eel BE eyes ae 37, 092, 979 37, 092, 979 
Buatalohish wees. stones eee ee cease 163, 169, 500 5, 925, 000 9,429, 838 178, 524, 338 
Carpe Wee sale es ou lo. Steck tose asec 29, 000, 090 115, 000, 000 14, 226,110 158, 226, 110 
SHA dace ater pe nece - reebecre tas senbepes| sie smeronbe «acter 165971 000i) >. ch eeee scene - 16, 971, 000 
Glith errant? ee se ee FR DE al eke USO 7000! OOO Maes ne Suen 150, 000, 000 
Witte fish: Vee Css 2s ais eae ee eee eh 148, 041, 000 208, 675, 000 3, 000 356, 719, 000 
(GiTste( RR Se A ee Saas Bbpeeaane 10, 000, 000 39/000) OOO Ses. gentseee ans 49, 000, 000 
Ghinvok:salmon: so... 0 3222s oe ee tee oa cles 4, 205, 000 720, 000 28, 965, 045 33, 890, 045 
Chumisalmon see 5 a -pea- eee ope etl re eee eer 8, 274, 80 14, 997, 900 23, 272, 730 
ERM ppackisaistOnss soe. eee seinen aoe obs e= 396, 950 1,915, 435 2,312,385 
Silverisalmont ee -€£0e peste bb ees 100, 000 8,371, 025 5, 910, 630. 14,381, 655. 
NOcke ye SalMONeewisciek cle cece rie = ecelate © 10, 678, 400 31, 582, 000 50, 949, 400 93, 209, 800 
Steslhead/salmontey aces stern meen semne 1,744, 000 275, 000 5, 339, 005 7,358, 005 
JNA RTOS Yo ate a So eee oe err aRer cae Oo socec soadeseise = 451, 000 40, 038 491, 088. 
Landlocked salmon...........--------- 76, 872 727,670 92, 800 897, 342 
Rainbow trout. sss)... 222 2esere ee seese 2, 689, 960 754, 000 3,408, 159 6, 852, 119 
Black-spotted trout.......-.-- 10,127,100 2,160, 100 1, 492, 700 13, 779, 900: 
OGHULGVEN tLOUte beh co eek a aaa cece teers tos soe sl eeemetinmtee eae = 43, 800 43, 800 
Ake routes cee cae eee aise 7, 293, 300 34,748,415 232, 080 42, 233, 795 
Brook trometer e eee 725,300 2,841, 400 8, 477, 250 12, 043, 950° 
Smielteye! Pike. Navel Bes 16, 289, 000 28/000: 000) |b-.<eeeeheene es 44, 280, 000 
Pike and pickerel.....-....--.- Hp PEP rs Se ti (ae Ra Se a Ce Omens 905,395 905, 395- 
EFHE Yo} ON EE es WIN A Oh BASE Rae fl Bee erin le oe So one Shee cs 35, 602, 522 35, 602, 522 
Mangemouth black sass seca ses = ses seeieinebetelalaeieineter= 806, 500 1,342,349 2,148, 849 
Sniallmoutheplack Passi tick saeco s|enc meme ee ealaanlaa 449, 400 79, 007 528, 407 
ROCK: DASS Aas ea ae) 2 ae ee Peete es ates <4 ea ars alee de teiton 64,035 64, 035 
Wier olrbhybassea ten cue e nsec cece oe soe sea ieitaet mint ale lamellae m Oleiete mete teeie = 8,350 8,350 
Suanilishe ee cee aes) CSECEL Re Peon cteleho cee eae ss cere seas A ae ee 26, 854, 257 26, 854, 257 
PUKS PENGh. ee eee er tient ce neem eeer 37, 275, 000 63860. O00 Eiec's cn iieite seeue ais 100, 640, 000 
Mellownpercheessat essere ee eeereriace iets 3, 680, 000 136, 325, 000 936, 295 140, 941, 295 
White perchs ose ys ieee Ase eee cee es) |e aweniciesecinas.-|-piesebt- mek er et ss 75 675 
Sinlpe dsb asses wee ae see stcle ia a iate | aeaete aietalonctefe lata te 16; 3410000) -seecareeeeeec ee 16,341, 000 
Wihite pass he Cee ee eRe nn oc letincambesetietstsies | eiernista SBE etre 40, 085 40, 
resh= water (ruil ses Seeeer ee sees eceine | eee ieee ee ene letter aie 49,026 49, 026 
Codie ee es a aoe a tartare 650, 980, 000 BPO, Slo M000" caeicieeiettte eee ate 1, 027, 793, 000 
paddocks ieee [ieee ie eee cease ee 104, 400, 000 2050 O00 es vinctonieciansine’s 107,360, 000 
POLO wees ee eee haem ee ene 33, 960, 000 ZIG IS COON eeitemiceinres ae cos 310, 058, 000 
Miounders 9.2205. aascbee deeds eos 229,345,000 | 1, 058,781,000 |.-.-...----.---- 1, 288, 126, 000 
Muiscellaneous ASHES eer eS eee ce iiare eed nia ece te le este fat oe 15, 818, 142 15, 818, 142° 

Totaly a: aasss- eles sae eee eose 1, 463, 730,432 | 2,586,812, 290 264, 316, 307 4,314, 859, 029 
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DISTRIBUTION OF OUTPUT OF HATCHERIES, 

As heretofore, the fish and fish eggs produced at the bureau’s sta- 
tions were widely distributed, the output of commercial fishes being 
liberated as fry in suitable public waters, while the various species 
adapted for interior ponds, lakes, and streams were assigned on 
applications submitted by individuals, organizations, and State fish- 
eries authorities. Shipments were made to practically every part of 
the United States, the coastal regions of Alaska, and to several for- 
eign countries. . ‘ 

The five specially equipped cars of the bureau are used principally 
for the distribution of fishes to interior waters, including both public 
and private ponds, lakes, and streams, for which individual applica- 
tions have been submitted, and waters within the United States 
forest reservations and national parks. In addition, the cars are 
employed to some extent in shipping fry from the Great Lakes 
hatcheries to distant spawning grounds that can not be reached con- 
veniently by boat. In all other cases the distribution of the com- 
mercial species is accomplished without the use of the cars, most of 
the fish being lhberated on spawning grounds in the immediate 
vicinity of the hatcheries. 
During the fiscal year 1923 the bureau’s cars and messengers 

covered 415,505 miles of travel on regular passenger trains, in the 
course of which 11,500 applications for fish were filled. Of this 
total, 70,118 miles were traveled by the cars and 345,387 miles by 
detached messengers. 

In a number of instances the bureau refused to entertain appli- 
cations for such spiny-rayed fishes as bass and pike for introduction 
into waters connected with the salmon streams of the west coast, 
on the ground that such fishes would be certain to prove destructive 
to the existing valuable fisheries of that region. If placed in such 
waters, the young of these predatory fishes would almost certainly 
eventually ascend the salmon and trout streams to the natural spawn- 
ing grounds, prey upon the eggs and young of the indigenous species, 
and destroy their nests. 

The bureau has also, found it necessary to refuse trout and small- 
mouth black bass for stocking waters in the South, where the tem- 
perature becomes too high for these fishes. It also refuses to furnish 
bass and other warm-water fishes for introduction in rivers and 
lakes where these species are indigenous and already abound. Many 
persons submit applications for fish without considering the neces- 
sity. If the fishing happens to be poor they apparently think that 
the mere planting of fresh supplies of fish will afford a bountiful 
stock. In any event, it is easier to ask for “ something for nothing ” 
than to exercise care and vigilance in the conservation of that which 
already exists. In such cases the essential requirement is not addi- 
tional plants of fish but adequate protection for the existing stock 
during the spawning season and the application of proper restric- 
tive regulations during the remainder of the year. If well protected, 
most of the warm-water fishes will maintain themselves and multiply 
without other assistance where the conditions are congenial. ‘The 
demands for fish for depleted waters throughout the country are 
so great as to tax the resources of the bureau, and it can not under- 
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take to furnish stock for waters that need nothing but reasonable 
protection to restore them to full productivity. 

RELATIONS WITH STATES IN FISH CULTURE. 

To meet the heavy demands by tourists and automobile parties 
upon the fishing in the waters of many States, the State authorities 
have had either to increase the production at their own hatcheries 
or to work in closer harmony than heretofore with the bureau. 
The: cooperative relations thus established have been beneficial to 
both parties and in many instances have resulted in more economical 
and efficient work than would otherwise have been possible. 

In several parts of the country eggs are collected conjointly by 
the bureau and the State fish commissions. In some instances the 
bureau’s personnel is lent to the State authorities for the develop- 
ment of egg-collecting fields with the understanding that an equitable 
division of the eggs or the resulting fry will be made. In the south- 
ern districts of the Mississippi Valley young fish are removed from 
more or less inaccessible waters, where they are crowded together in 
Jarge numbers and serve only as prey for larger fish, and are placed 
in amore suitable environment, that they may eventually be of benefit 
to the public. In the upper Mississippi Valley assistance is rendered 
by the neighboring States in transferring fish from landlocked pools 
to tributary waters of the Mississippi River where favorable condi- 
tions exist. In several cases surplus eggs have been exchanged by 
State organizations and the bureau with advantage to both parties. 
With the increasing demand for fish other cooperative relations 

between the bureau and the States have assumed larger proportions. 
The bureau is constantly calling the attention of various State 
officials to the necessity for more adequate laws for the protection of 
the food and game fishes within their boundaries. At the present 
time legislation of this character is lacking to a greater extent in the 
Southern States than in any other part of the country. The fisheries 
of the South have not as yet become so depleted as in many parts 
of the North, and, owing to the natural productivity of southern 
waters, the need for protective legislation has not become so 
imperative. However, the large influx of tourists to the Southern 
States during the winter months is rapidly changing the situation, 
and unless these States adopt measures for the protection of fish, 
particularly during the spawning season, their waters will soon be 
in a state of depletion. Not only are the laws inadequate but very 
few States in this region make any additions to the existing stock by 
the introduction of fish produced at their own hatcheries. 

The cooperative relations that have heretofore existed between the 
burerzu and the Canadian fisheries authorities have been continued. 
Every year the bureau’s station at Cape Vincent, N. Y., collects large 
numbers of whitefish and cisco eggs on the Canadian side in the 
Bay of Quinte, and not only turns over a portion of such collections 
to the Canadian hatcheries but also liberates in Canadian waters a 
certain percentage of the fry produced. The bureau has also received 
from the Canadian authorities consignments of Atlantic-salmon 
egos and has returned in exchange eggs of the rainbow, brook, and 
blackspotted trout. This cooperation between the two countries has 
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resulted in each case in a greater output of fish than would otherwise 
have been possible and has led to the introduction of species that 
were especially desirable or necessary for the maintenance of existing 
fisheries. 
During the fiscal year 1923 the fisheries authorities of 26 States 

were supplied with fish or fish eggs, as is shown in the following 
table: 

Assignments of fish and fish eggs to State and Territorial fish commissions, 
fiscal year 1928. 

[Asterisk (*) denotes eggs; dagger (+) fry; all others are fingerlings.] 

State and species. 

Alaska: 
IBYOOK ThOUtse st. doc seatsace ess 
Sockeye salmon............-.-... 

California: 
Black-spotted trout.-............ 
Dake (ROU G\.13- - seis dercwetws sisiein tes 

Connecticut: Lake trout. ...........- 
Hawaii: 

Blackspotted trout............-- 
Rainbow toute? cosracete o-ciee te 

Idaho: 
Blackspotted trout.............. 
BrOOK UlOUb= 4. shes ha es 2 seus tat 
Wathshe- thé SRST PAs 

VWHITCHH Reems Cee entre tee cca 
Iowa: 

bake trout-22- hs: 2.22 ss-002252] 
Ram DOW NOU L= .o5.05<5csesccae cae 

Louisiana: 
Black passe st oe sere este ese 

Maryland: 
IBrogkstroutss.¢¢ - see rssh. ties< 

(ipeeg id yay ke 3 See a ae pagal | 
Humpback salmon............... 
Rainbow trouths|..s 2%). see's se 5 

Michigan: 
Giseo syst sociated At 
PESO. canauect oo facheieadera 

Minnesota: 
Blas Dass 4329.2. PS Oe snes 
CUS sae oe ee es ey 
Crappie: i. hs FAC EAs 

Wellaw Merch oe sepa ot ae 
Montana: 

Blackspotted trout.............. 
AKG TIOUG+. >. ¢ ees fa-3 ces Seer 

SWVC or nn ee em atone a 
New Hampshire: 

Chinook: salmon. a5 4.3 -jcscoe050 008 

Number. 

*50, 000 
+5, 098, 936 

+*100, 000 
*100, 000 
*50, 000 
+30, 000 

*50, 000 
*25, 000 

*125, 000 
00 

*75, 000 
*153, 600 

24 
+1, 200, 000 

250 

*10, 000, 000 
+636, 000 

600 
12,700 
17, 900 

*200, 000 
7, 520 

100 

+50, 000 
+3, 680, 000 

*120, 000 
*50, 000 
+20, 349 

State and species. 

New Jersey: 
IRalnDOW A LrOlienesceanas ones osee 
Sunfish 

Rainbowitrout.. cb f7i205.6 34 
New York: 

Lake tronticait ites sees 
Wihitefishoss) ct. fost cebest es 

North Dakota: 
Bilackjhass te Freres eaeh we Fae 
BUT lOfisht see oen cece concen 

Oregon: 
Blackspotted trout .............- 
Cinnockssalimone. ..cescneneeceeee 
sockeye salmon 22s. s-eeeseen see 
Steelhead salmon. .-............- 

Pennsylvania: 
Ham bOwtrOulla.c ce cee. sees ties 

Washington: 
Sockeye'salmon!. 2.208.520.2222. 
Steelhead salmon..--............- 

Crappie. tens seein Seances nestoe 
as GLOUU SE sae see sess ses Beat 

Number. 

*100, 000 
88 

+50, 000 
62; 000 

+300, 000 
*69, 500 

*1, 250, 000 
#31) 885, 000 

1, 100 
#37, 275, 000 

119) 151 

+50, 000 
*4, 000, 000 
*5, 045, 000 

+370; 000 

+681, 000 
*28, 000, 000 

28, 400 
*150, 000 

*130, 000 
#20, 349 

8,000 

+534, 464 
#95, 000 
50, 000 

352, 000 
500, 000 

8, 350 
16, 150 
7, 800 

*3, 000, 000 
+1, 760, 000 

#550, 000 
+300, 000 
*150, 000 

| #309; 000 

+138, 112, 198 
+3; 903, 350 
1, 219; 973 
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Shipments of fish eggs to foreign countries, fiscal year 1923. 

| Number Number 
Country and species. | of eggs Country and species. | of eggs 

shipped. shipped. 

Argentina: Steelhead salmon.........-. 25,000 || Germany: Rainbow trout........-.-.- 68, 000 
Canada: Netherlands: 

Blackspotted trout..............- 317, 000 Chinook salmon................--- 200, 000 
Steelhead salmon..-.-.-.......-.-.- 400, 000 Rainbowrtroubser). -da-8 5 4 222402 50, 000 
IWihtielisiee. tcc arecmare meter isc me 44, 000, 000 —— 

Czechoslovakia: Rainbow trout.-...... 100, 000 Lotaler.t ie wah. caeeee ee shee ae 45, 160, 000 

COOPERATION WITH FISH-PROTECTIVE ASSOCIATIONS. 

Throughout the year the bureau has worked in close harmony with 
fishing clubs and other organizations interested in stocking certain 
waters or in securing legislation for their protection. Such organ- 
izations have assisted in the distribution of fish by promptly meet- 
ing shipments sent out by cars or detached messengers and carefully 
liberating them in the most suitable waters available. The bureau 
has furnished these agencies information as to the best methods of 
planting fish, and in some instances public talks have been given by 
the bureau’s representatives explaining its work at some length. In 
other instances the bureau’s employees have been detailed to give ad- 
vice to State organizations, their expenses while thus engaged _ be- 
ing borne by the State in question. 

PROPAGATION OF MIGRATORY FISHES OF ATLANTIC RIVERS. 

Owing to various unfavorable conditions, the season’s results in 
shad propagation on the Potomac River and in the Albermarle 
Sound district were smaller than for several years past. At the 
Bryans Point station the unusually cold and stormy weather pre- 
vailing practically throughout the spawning season interfered with 
fishing operations, and the river water remained too cold to ripen the 
eggs and cause the fish to seek shallow waters to spawn until about 
two weeks beyond the usual time. Shortly after the middle of April 
egg collections were undertaken and continuously prosecuted until 
May 15, and 17,677,000 eggs were secured. Shad work at the 
Edenton station was practically negligible as a result of a recently 
adopted decision to issue no permits for the operation of gill nets 
on the usual spawning grounds. In past years gill nets have con- 
stituted the main source of supply for shad eggs for this station, but 
experience having shown that many of the fishermen were not com- 
plying with the terms of the license, its discontinuance was deemed 
advisable. The results of the season’s work in the propagation of 
glut herring at the Edenton station were most encouraging, the egg 
collections being increased over last year’s collections by approxi- 
mately 200 per cent, notwithstanding the difficulty encountered in 
obtaining efficient spawn takers to handle the large numbers of fish 
available. 

Eggs to the number of 313,000,000 were obtained and incubated at 
an average cost of $2.14 per 1,000,000. The propagation of this 
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species represents conservation of the highest type, since the eggs 
would be sent to the market in the fish and lost were it not for the 
bureau’s intervention. In past years the fishermen of the region 
have appeared reluctant to cooperate with the bureau in furnishing 
eggs, but they now seem to realize the importance of the work and 
it is believed there will be no difficulty hereafter in obtaining an 
egg supply. 

The Weldon substation, on the Roanoke River, was fitted up for 
striped-bass propagation as usual, but egg collections were discon- 
tinued at the height of the spawning season, as it was found that the 
large amount of trade waste discharged into the river from a local 
manufacturing plant was polluting the water and killing the fry 
liberated from the hatchery. The total egg collection amounted to 
22,084,000. At the beginning of the spawning season the fishermen 
at this point were loath to cooperate in the collection of eggs on a 
fair basis, but this opposition was overcome after the situation had 
been fully explained to them. 

The usual collection of adult Atlantic salmon at the Craig Brook 
(Me.) station could not be made, due to the washing away of the 
barrier at the Dead Brook inclosure, where it has been customary to 
hold the fish for several months awaiting the development of their 
spawn. Five hundred thousand Atlantic salmon eggs, received at 
the Craig Brook station from the Canadian Government in exchange 
for an equal number of trout eggs, produced 466,000 fry, all of which, 
with the exception of a small number reserved for rearing to the 
fingerling stage, were liberated in the Penobscot River and its trib- 
utaries. 

It is believed that greater results than heretofore may be attained 
by rearing a comparatively small number of fish to the No. 2 or No. 
3 fingerling stage before hberating, and this policy will be pursued 
in connection with any future operations with this species. It is 
probable, however, that Atlantic salmon propagation on the Penob- 
scot will be entirely discontinued unless the fishermen of the region 
show a greater willingness than they have thus far shown to coop- 
erate in the work. 

PROPAGATION OF COMMERCIAL SPECIES OF THE GREAT LAKES. 

The bureau’s work in this region was concerned as usual with the 
propagation of such important commercial fishes as the lake trout, 
whitefish, pike perch, yellow perch, and carp. Most of the eggs ob- 
tained from these species are taken from fish caught for the market 
by the commercial fishermen and incubated in the bureau’s hatcheries, 
the resulting fry being liberated on the natural spawning grounds. 
Owing to heavy storms, which prevailed practically throughout the 
incubation period, there was a considerable shortage in whitefish 
egg collections as compared with the previous year, and the quality 
of those secured was impaired by the quantities of slime and sedi- 
ment carried in the water supply. On the other hand, the weather 
in the spawning fields where lake trout eggs are obtained was favor- 
able, and the collections of that species exceeded those made in 1922. 

In the eastern end of Lake Ontario the ciscoes, for some unknown 
reason, did not resort to the spawning grounds in the usual numbers. 
Especially was this true in the ordinarily prolific Bay of Quinte, the. 
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catch of the commercial fishermen in that field being very much below 
the average. As a consequence the egg collections for the Cape Vin- 
cent hatchery were reduced far below the total of last year. The 
smaller than average collection of pike perch eggs in the Put in Bay 
field resulted from an unduly late fishing season, the setting of the 
fishermen’s nets being greatly interfered with by the large bodies of 
ice that remained in the lake to a late period. The collection of carp 
eggs in the Portage River district was the largest ever made by the 
bureau. All the carp fishermen of this region are greatly inter- 
ested in the success of the work and are cooperating heartily in the 
bureau’s efforts to increase its egg collections. 

PROPAGATION OF PACIFIC SALMONS. 

In the Pacific coast and Alaska fields the collection of salmon eggs 
amounted, in round numbers, to 179,000,000, or approximately 50,- 
000,000 less than were secured last year, this considerable shortage 
being due to unusual water conditions. In some of the streams where 
operations were conducted the water stages were so low as to prevent 
fish from entering, while in other fields the racks installed to inter- 
cept the run were carried away by floods, permitting the escape of 
brood stock upon which the stations were depending for their egg 
supply. 
A successful season was experienced in the collection of sockeye 

salmon eggs for the Afognak (Alaska) station, 61,790,000 being 
secured. ‘The steady increase in the yearly egg collections in this 
region since 1912, when the run of salmon was destroyed by the 
eruption of Mount Katmai, would seem to indicate beyond doubt 
the effectiveness of artificial propagation. With the view of obtaining 
some definite information along this line as a preliminary to extend- 
ing the work if the conditions warrant, steps have been taken to make 
an annual count of the salmon passing up the Karluk River, the first 
count to be made during the current season. 

At the beginning of the sockeye spawning season at the Yes Bay 
(Alaska) station the water stages were too low to permit of egg 

collections, the conditions in this respect remaining unfavorable up 
to the end of the first week in September. Eggs to the number of’ 
25,000,000 were taken between that time and September 22, when the 
work was abruptly terminated by heavy rains, which flooded and car- 
ried away the racks, permitting the escape of brood fish estimated to 
contain at least 10,000,000 eggs. This station has been making a 
point of rearing large numbers of young salmon to the fingerling 
stage before liberating them, and in order to conduct the work as 
advantageously as possible has inclosed the outlet of a natural slough, 
which appears to make an excellent feeding ground. The Forest 
Service has cooperated with the bureau in this region by constructing 
a trail to connect the station with tidewater. 

In the Washington field the floods were especially severe in the 
Quilcene River, on which the Duckabush and Quilcene hatcheries are 
located, the water remaining at a very high stage for several weeks 
during a critical period. The 1922 annual census of sockeye salmon 
descending through the weir at Quinault Lake, Wash., was con- 
cluded on September 13 of that year, the total count amounting to 
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248,935 fish. The annual count for 1923 began March 20, and between 
that time and June 30 the number passing above the weir aggregated 
123,022, as compared with 199,489 for the corresponding period of the 
previous year. 

In the Oregon field the racks and other collecting equipment were 
damaged considerably by floods, which were heavy enough to wash 
away the station site on the upper Clackamas River and to carry out 
200 feet of the flume and crib of the intake at the Little White Sal- 
mon hatchery. The total egg collections in this field were approxi- 
mately 27,000,000, as compared with 63,000,000 last year. Part of 
this falling off may be attributed to depletion resulting from the 
heavy fishing operations four years ago, though success in the collec- 
tion of eggs of any of the Pacific salmons is largely dependent on 
local water conditions in the streams, regardless of other influences. 
Tt is probable that the large industrial dams constructed in recent 
years will greatly interfere with stream flow, as the water is im- 
pounded during the wet season for use during periods of slight 
rainfall. Deforestation also has a deleterious effect on fish-cultural 
operations, causing the rainfall to drain rapidly from the land and 
overflow the streams where work is being conducted. 

The marine stations in New England experienced a considerable 
falling off in egg collections, the total of all species secured amount- 
ing to but 3,200,876,000, as compared with 3,955,314,000 taken last 
year. The shortage occurred principally in the propagation of the 
winter flounder and haddock, and was the direct. result of the low- 
market prices prevailing for fish of these species, which curtailed 
the commercial catch from which eggs are obtained. On the other 
hand, cod eggs were plentiful, both at the Woods Hole and the 
Gloucester stations, the collections for the two hatcheries exceeding 
1.279,000,000, or more than twice the number secured in 1922. 

In the Gloucester field the conditions connected with the propaga- 
tion of pollock were even more unfavorable than last year. There 
seemed to be an abundance of fish on the spawning grounds, but they 
were constantly shifting about and large numbers remained close 
to the bottom where the nets could not reach them. The catch of 
the commercial fishermen was, therefore, small, and the egg collec- 
tions for the station were correspondingly reduced. Owing to the 
large amount of surface water entering the harbor, part of the 
cod eggs secured for the Gloucester station could not be successfully 
incubated in the hatchery and 277,500,000 were planted on the fish- 
ing grounds immediately after being fertilized. 

The fish-cultural output of the Boothbay Harbor (Me.) station 
was confined to the winter flounder, efforts to secure eggs of the 
pollock, haddock, and cod being unsuccessful. Late in February 
the station employees undertook the collection of a brood stock of 
winter flounders but were hampered by the heavy ice fields and 
abundance of snow on the fishing grounds, very few fish and no 
eggs being obtained until late in March. Notwithstanding this seri- 
ous delay, about 5,000 brood fish were captured, the first on March 
20, and between that time and May 10, the end of the spawning 
season, 943,316,000 eggs were secured. Comparatively small results 
were yielded in the usually prolific Linekins Bay field, as most of 
the fish in that territory remained in water from 30 to 40 fathoms 
deep throughout the season. 
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At the Woods Hole (Mass.) station considerable difficulty was: 
experienced in securing a vessel equipped with a well for the trans- 
portation of brood cod as a source of egg supply, the vessels for- 
inerly employed for this work having either been sold or lost. A 
small one suitable for the purpose was finally hired at Newport, 
R. I., and, arrangements having been made with the various trap: 
owners to supply cod, approximately 2.800 were transferred from 
the fishing grounds to the station. These fish yielded 555,584,000 
egos, and 114,000,000 additional were obtained for the station by 
spawn takers operating in Cape Cod Bay. Due to unfavorable 
weather conditions in the Waquoit Bay collecting field, the collec- 
tion of winter flounder eges for the Woods Hole station was the 
smallest in several years, only 369,865.000 being secured. The work 
with this species was undertaken on January 16 and completed 
April 4. 

CULTIVATION OF FISHES OF INTERIOR WATERS. 

Collections of eggs of the brook, rainbow, blackspotted, and Loch 
Leven trouts at the various stations devoted to work with these 
species amounted, in round numbers, to 47,849,000, or 8,823,000 in 
excess of those collected in 1922. The increase in output over that 
of last year was even greater, due to smaller losses sustained during 
the incubation and rearing periods. 
A very successful collection of brook-trout eggs was made for the 

Leadville (Colo.) station, but there was a falling off, compared with 
ihe previous year, in the percentage of hatch. In accordance with 
the usual custom, 500,000 of the eyed eggs were forwarded to the 
Bozeman (Mont.) station, with the view of utilizing the resulting 
fry in stocking suitable waters in the Glacier National Park. 
During the month of November the force attached to the Spring- 

ville (Utah) station, in cooperation with employees of the Utah 
State fisheries department, collected 8,250,000 brook trout eggs in 
Fish Lake, of which the station received 3,200,000 as its share. The 
ege collections at this lake have shown a steady increase ever since 
the work was inaugurated by the bureau in 1917, the number taken 
that year being 2,785,000. Collections of rainbow-trout eggs were 
also made at Fish Lake during the spring of 1928, the station 
receiving 882,000. 

During April and May eggs from wild rainbow trout to the 
number of 1,500,000 were taken at the Meadow Creek field station, 
in Madison Valley, Mont. Some trouble was experienced in fertiliz- 
ing them and the losses to the eyed stage were abnormally large. 
only 810,000 good eggs resulting from the work. These were of ex- 
cellent quality, however. At the Bozeman (Mont.) station the entire 
pond system is being remodeled, and when the work is completed 
the capacity of the station for rearing fry and fingerling fish will be 
materially increased. 
A very successful season was experienced in the propagation of 

blackspotted trout in the Yellowstone Park during the summer of 
1922 under the direction of the superintendent of the Leadville 
(Colo.) station. The egg collections, as compared with the previous 
year, were nearly doubled and the output of fry was proportionately 
Jarge. It is planned hereafter to utilize a larger percentage of 
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the young fish resulting from egg collections in this field 
in building up fishing in the Yellowstone Park, and with this end in 
view extensive rearing and planting arrangements are under way. 
Operations in this field during 1928 were undertaken late in May, 
under the supervision of the district supervisor of the Mississippi 
Valley rescue station, and 4,794,000 eggs had been secured up to and 
including June 30. 
Egg collections in the Saratoga (Wyo.) field practically were con- 

fined to brook trout and rainbow trout, though a few Loch Leven 
trout eggs were taken from brood stock carried in the station ponds. 
The operation of the recently constructed rainbow-trout field sta- 
tion on Sage Creek during the spring months was made exceedingly 
difficult by the almost impassable mountain roads, which were still 
heavily blocked with snow on May 1. The substation was finally 
reached, as a result of great effort, and a fairly successful season’s 
work was accomplished. Low-water stages in the Pathfinder Reser- 
voir caused an unusually light run of fish. Eggs were taken through- 
out the month of May and up to June 7, the total collection amount- 
ing to 1,237,150. 

The season’s output of trout from Manchester (Iowa) station was 
very seriously curtailed by the flooding of the station reservation 
during a heavy storm in July, 1922, at which time a large number 
of brood brook and rainbow trout were washed from the ponds and 
perished on the station grounds. This loss was partially overcome 
through the donation of a considerable number of adult brook trout 
by the Sportsmen’s Club, of Calmer, Iowa, and small consignments 
of rainbow-trout eggs received in the following spring from the 
Madison Valley (Mont.) and Springville (Utah) fields. Part of 
the fry resulting from these western eggs will be reared for the 
purpose of replenishing the depleted brood stock. 

During March and April a heavy mortality occurred among the 
young brook trout at the Hartsville (Mass.) station. It was found 
impossible to check it by any of the methods of treatment usually 
applied, and before the distribution could be made the stock had 
been reduced fully 40 per cent by losses. An investigation showed 
the presence of the parasite Octomitus, elsewhere referred to in this 
report, and the mortality was probably due to it, possibly aggra- 
vated by unfavorable water conditions which may have reduced 
the resistance of the young fish. 

At the newly established Roaring River auxiliary of the Neosho 
(Mo.) station the results of the first season in rainbow-trout propa- 
gation were disappointing, only 958,720 eggs being obtained from 
the 3,000 adult and 7,000 yearling fish on hand. The low egg pro- 
duction is attributed to underfeeding of the brood stock by the 
owner of the ponds. A more satisfactory season’s work was ex- 
perienced at Bourbon, Mo., where another field auxiliary of the 
Neosho station was operated for the first time. An arrangement 
was entered into with the owner of the property whereby the bureau 
is to receive two-thirds of all the fingerling fish produced. As the 
site is in the eastern part of the State, its use as a fish-rearing plant 
will not only effect a material saving in distribution expenses but 
a greater number of fish than formerly will be available for stocking 

waters in that section of the country. During the year the bureau 
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leased a private pond system at Langdon, Kans, to be operated as 
an auxiliary of the Neosho station for the production of bass and 
crappie. The work was started in the spring of 1923, but owing 
to flooded conditions the output of fish was small. 
Owing to the adverse weather conditions encountered, the produc- 

tion of pond fishes was below normal at several of the stations en- 
gaged in that branch of fish culture. The most serious reduction was 
at the stations located at White Sulphur Springs, W. Va., North- 
ville, Mich., Mammoth Springs, Ark., and Erwin, Tenn., at all of 
which points violently fluctuating air and water temperatures during 
the spawning season caused the destruction of many nests of eggs. 
More favorable natural conditions obtained at the Tupelo (Miss.), 
Orangeburg (S. C.), and Louisville (Ky.) stations, and the output 
Me bass and allied species from those stations was the largest in their 
istory. 
The. spawning of buffalofish at the Atchafalaya (La.) station 

extended from February 15 to March 28, and during this period 
approximately 179,000,000 eggs were secured. As at many other 
points, the work was retarded and curtailed by unseasonable weather 
and water conditions. On March 5 all lowlands in the vicinity of the 
hatchery were inundated by flood waters coming down from the 
Ouachita River. The salts and oil with which the flood waters 
were charged put a stop to the run of spawning fish and also polluted 
the hatchery water, killing the entire stock of eggs on hand at the 
time. From then on to the close of the spawning season all eggs 
secured were fertilized and immediately returned to the waters from 
which the parent fish were taken. 

The work of rescuing stranded food fishes from overflowed lands 
bordering the Mississippi River was taken up July 1 and prosecuted 
daily until the ist of November, when freezing weather necessitated 
its discontinuance. The field of operations extended from Prescott, 
Minn., to Andalusia, Ill., and the rescued fishes included nearly 
every food species native to the region. Of the 139,799,031 fish 
handled in the course of the season, 1,164,952 were distributed to 
applicants, and the remainder was released in the Mississippi River 
and its tributaries. The smaller results obtained, as compared 
with the previous year, were due to the abnormal water stages in the 
river during the usual salvage period. 

In view of the difficulty experienced in transporting or holding 
for later distribution the crappie and sunfish rescued during ex- 
tremely warm weather, some experiments were made at the Homer 
station with the copper-sulphate treatment for the prevention and 
cure of fungoid growths. As a result of the tests, it was found that 
the very small crappie and sunfish were too weak to withstand the 
treatment, but that it might be advantageously applied to the larger 
fishes and to the more vigorous individuals among the smaller ones. 
Its general use therefore will be resorted to hereafter in handling 
and holding fish of these species at the several collecting points in the 
rescue field. 
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ALASKA FISHERIES SERVICE. 

EXTENT OF THE ALASKA FISHERIES. 

The Alaskan salmon industry returned to practically normal pro- 
portions in the season of 1922 after its decline in 1921. Many salmon 
canneries were reopened and 15 new ones established, making a total 
of 123 plants operated as against 83 in the previous year. A number 
of plants remained closed, in some instances operations being carried 
on jointly by two or more companies at one plant. Market conditions 
also improved, thus promising a successful season. The larger pro- 
duction in 1922 resulted chiefly from the unusually heavy run of 
humpback salmon in southeastern Alaska. 

The catch of salmon in the Alaska fisheries in 1922 was 72,370,400 
fish, of which 33,898,772 were red or sockeye salmon, 30,589,342 
humpback or pink salmon, 5,273,883 chum or keta salmon, 1,838,094 
coho or silver salmon, and 770,309 king or spring salmon. Appor- 
tioned by geographical districts, the catch in southeast Alaska was 
31,055,302 fish; central Alaska, 15,612,843 fish; and western Alaska, 
25,702,255 fish. Comparing these figures with the returns for 1921, 
there was a total increase of about 91 per cent. All species, with the 
exception of kings, were taken in greater numbers. The number of 
humpbacks taken in 1922 was an increase of about 327 per cent over 
the take in 1921. 

The 123 canneries utilized the greater part of the catch of salmon 
in the canned pack, which comprised 4,501,652 cases with a market 
value of $29,787,193, an increase of 1,904,826 cases, or approximately 
72 per cent, and $10,154,449 in value over the previous year. The 
pack of all species, except kings, was larger. 

Other salmon products were 4,266,050 pounds of mild-cured fish, 
valued at $821,169; 3,585,100 pounds of pickled fish, valued at $248,- 
015; 3,849,153 pounds of frozen fish, valued at $261,094; 3,802,729 
pounds of fresh fish, valued at $271,869; 906,550 pounds of dried or 
smoked fish, valued at $148,464; 774,000 pounds of fertilizer, valued 
at $23,488; and 12,989 gallons of oil, valued at $5,015; the total value 
of the products of the salmon industry of Alaska in 1922 being 
$31,566,257. 

The herring fishery ranked next to the salmon fishery in 1922, 
totaling 35,995,450 pounds of Scotch-cured fish, valued at $2,030,975 ; 
237,850 pounds of Norwegian-cured fish, valued at $14,009; 240,000 
pounds of dry salted for food, valued at $9,600; 425,241 gallons of 
oil, valued at $144,418; 1,646 tons of fertilizer, valued at $98,528; 
and 3,488,615 pounds of bait, valued at $31,586. 

The halibut fishery produced 7,886,764 pounds of fresh fish, valued 
at $772,610, and 3,188,473 pounds of frozen fish, valued at $262,357. 

The cod fishery yielded a catch valued at $464,169 and the whale , 
fishery $409,518. Clam products were valued at $185,007 and shrimp 
products at $126,690. Other minor items were: Crabs, $47,379; trout, 
$5,914; sablefish, $1,538; flatfish, $367; and ling cod, $26. 

The entire Alaska fishery industry gave employment to 21,974 
persons, represented an investment of $54,590,302, and yielded prod- 
ucts valued at $36,170,948. 
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A detailed account of the extent and condition of the Alaska 
fisheries in 1922 and of the activities of the bureau under the laws 
and regulations for the protection of the fisheries is embodied in the 
annual report of the Alaska service for that year.? 

ENFORCEMENT OF FISHERY LAWS AND REGULATIONS. 

Primarily for the purpose of enforcing the fishery laws and regu- 
lations, the bureau in 1922 operated 8 of its own vessels in Alaskan 
waters, and in addition 22 small boats were chartered for varying 
periods and 6 launches, maintained on Bristol Bay chiefly for the 
destruction of predatory fish, were used for patrol service during 
the fishing season. On account of shortage of funds the force of 
temporary stream guards, of which there were 60 in 1922, will neces- 
sarily be employed for a shorter period in the season of 1923. The 
total force aggregates 19 statutory employees, 25 men on vessels, and 
69 stream guards and temporary assistants. ; 
A number of prosecutions were made for violations of the fishery 

laws and regulations in 1922, the majority being for fishing in streams 
or within the prohibited distances of the mouths of streams. In the 
cases disposed of fines and costs amounted to about $2,500, with two 
jail sentences of 80 days and one of 20 days. A few cases had not 
been brought to trial at the end of the year. The stationing of 
stream guards at the mouths of many salmon streams operated, 
without doubt, as a deterrent to unlawful fishing in protected waters 
and thus aided materially in conserving the runs of salmon. 

Markers were erected at the mouths of a number of streams that 
heretofore had been unmarked, and those destroyed or defaced were 
replaced. Some work was also done to clear streams of obstruc- 
tions and render them more easily accessible to spawning salmon. 
Investigations were made and results reported to the Federal Power 
Commission in regard to the effect proposed power projects on 
certain streams would have on the runs of salmon. 

PRIVATE SALMON HATCHERIES. 

In 1923 two private salmon hatcheries were operated in Alaska 
as authorized by law. The hatchery of the Alaska Packers Associa- 
tion on Naha Stream liberated 16,985,000 red salmon fry in the 
fiscal year 1923, and that of the Northwestern Fisheries Co., located 
on Hugh Smith Lake, liberated 6,007,000 red salmon fry in the 
same period. The total rebate cf taxes on canned salmon, at the 
rate of 40 cents per 1,000 fry released by these hatcheries, amounted 
to $9,196.80. 

Representatives of the Washington State Fish Commission made 
collections of humpback-salmon eggs in Prince William Sound in 
the season of 1922. Very heavy losses occurred during the early 
stages of the work, and on request of the bureau the collecting of 
eggs was discontinued. The eggs on hand were eyed, and shipments 
made in October totaled 14,571,708 eyed humpback-salmon eggs. 

1 Alaska Fishery and Fur-Seal Industries, in 1922. By Ward T. Bower. (Bureau of 
Visheries Document No. 951.) 
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NEW SALMON-FISHERY REGULATIONS. 

Under date of November 3, 1922, an Executive order was issued 
creating a reserve designated as the Southwestern Alaska Fisheries 
Reservation, including Bristol Bay, Kodiak and Afognak waters, 
and Cook Inlet. Hearings were held at Seattle and San Francisco 
the latter part of November to consider necessary restrictions on 
fishing in the reserved districts. Revised regulations for the Alaska 
Peninsula Fisheries Reservation and regulations for the administra- 
tion of the newly created Southwestern Alaska Fisheries Reservation 
were issued December 14 and 16, 1922, respectively. The full text 
of these regulations and of the Executive order of November 3 will 
be found in the report of Alaska Fishery and Fur-Seal Industries in 
1922. 

For the season of 1923 a total of 90 formal permits for fishery 
operations within these reserves were issued by the Secretary of 
Commerce, of which 9 were canceled before the beginning of the 
fishing season, leaving 81 under which operations were carried on. 
Eight supplementary permits were granted in connection with per- 
mits previously issued. Permits effective in the season of 1923 are 
as follows: 

Alaska Peninsula Fisheries Reservation. 

No. t) Alaska Packers, Association. oP aun eae Sues Chignik. 

No. 2. Columbia River Packers’ Association_____-_-__-_-. Do. 
Nou SINOLLDIWeSterntISherres (O00 a2 lo Tei ee ee Do. 

No» 4:sShumacin Packing \Co2 se 2a eae eat ee Squaw Harbor. 

INGER De Be B BS EVQETIS: Or (ClOm ba ie ee et A rl hal BP False Pass. 

No. 6: Pacifie American Fisheries. ee ee Ikatan. 
NO! “4. Paciie American Misheries:-) 2 ee eet eee King Cove. 

INOVOS plivereti) backing (Collage 22. so ok sn ie ae Herendeen Bay. 

Nos Osshidaleovlsiand Packing*Co2.) 2. 2 ae a, eel Do. 

No. 10. Pacific American Fisheries_____-_- ~~ - Nelson Lagoon. 

Novia iPacificvAmerican’ Fisheries... 2 2 A Port Moller. 

Noli ebheemxvrvekineg Coos) i ae ae ae Herendeen Bay. 
NOMS ieOrcowAN eri. eh a eg epteaebs E Ful it Port Heiden. 

Non OSs onb Bish Coe nies os 0 ot ahs eh gE ih Fa 10 stations. 

INOBSGAPR TOWNS H OOe2 2. eel a a ea OL ew il es 2 stations. 

Southwestern Alaska Fisheries Reservation. 

BRISTOL BAY DISTRICT. 

No. 14 Alaska’ Packers: Associations 42 eo a ees: Kyvichak. 

No. 15. Alaska Packers Association__~_--__~--__-_—____=--. Do. 

WNonlG: Alaska Packers -Association&=* oh !4 2. 222 oe Pes Naknek. 

NOT? wAlaskaxzbackers, Associaton. 222. 5h 2 = Be Do. 

No. 18: Alaska Packers ‘Associations 32. 2 ee ty eee Do. 

Not ouAlaska’ Packers ASsocrationas a ee ieee Hegegik. 

No: 20) Alaska Packers’ Association: 22 ei yak ee Ugashik. 

Wo21. ‘Alaska’ Packers) Associations+i2242 22% es isn) ees Nushagak. 

WNooo2. alaska -Packers JASSOGIAtION Shee) She pe Do. 
No. 24. Alaska-Portland Packers’ Association______-----~-~- Naknek. 
NODS aPALS Sst linior) (igre ono) uri rb, hn 2 Kvichak. 

INO 2 LER SIC ra Sy aL TTI TI A ee eT ue de Wood River. 

None PEEIstolisa vas Packie. oe e oe oe Le Re Koggiung. 

INGs OS Gh See ACK IN Ooi as eee _ Koggiung River. 

No. 29. Columbia River Packers’ Association____------__-. Nushagak. 

Woreue MILernanlonaleeackine (OO oe See ee eee Ugashik. 

Noval. bibby,. MeNelly & hibb ya a ee ee eee Hgegik. 

MOnS2. Libby. MENG se ADDY oto see Ekuk. 

NO So ADDY MCNGLLL 6c libby 222 ee ee Nushagak. 
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O45" EDD ys. MCNUTT Boi Tst Ty Bye le Lockanok. 
WS Layee Dd ology Jay Redes eh OM Eau) Ori] 0) 0 IO AL ce UNM RE ANE a Libbyville. 
ako 1 Bill hanrern Cede (ey Wh raul yl] 0) oni doaenanetty ae aN Koggiung. 
(en aiibby, MeNeill @Litbbys ten ie ee Ce Igushik. 
HO MNaknekiPackin gC owLe Naim tae ee Sue even ae AEE Naknek, 
voaoaneetery MLS Nelson 8 2 ok CAR a ee ae a Oy, eae Kvichak. 
#40: Northwestern iM isheries|| Conti ea. be eee Naknek. 
rAde Northwestern Bisheries, Cos22 2 irs Vea Nushagak. 
W4aONERed Salmon t@annin Coe wae sees ae Re eee Meee Ugashik. 
W450 Red SalmoniCannin gi Comes!) Sif. ee ae eee Naknek. 
H2. Peter Mi Nelson niles |) oe he zai 8 Pee are Copenhagen Creek. 
4A Peter MLA ZN CLS OTe BA pie are gic e Uabete fe ea eC aA TE Tgushik. 
(ie Bering Searsalmon Packing, Col. 22s ss a eus Seas King Salmon Creek. 
85. Alaska-Portland Packers’ Association_____________ Nushagak. 
88. Alaska iCalmon: Comtee Ae 0 ie ee. SE ee ey Kvichak. 

COOK INLET DISTRICT. 

44. Alaska Packers Association_____ AnD oe Hoey Soe Kasil ote 
AG Nard Gla ara Gye Ey CINE OO ea a Ne Anchorage. 
Ase hidaizouistandy hackney Co2. see = =e ene Port Graham. 
50!" Kamishales Camming 1@ One so peet CP Firs Wis es Wee Sy PEE Kamishak Bay. 
Halen bya MeNeil nk: wiiilo py sera shies seks See ea Kenai. 
b2MNOriia@ ose kan 0 @ Oey baie es Cee ae eed Ninilchik, 
Ho wiNGreh western | MiShenies! © Osha 22k Sela ae eee age Kenai. 
66-7 D elorne! cand Will Some 2 Se uit Hie ano ides ee weve Chisik Island. 
(seg) Se Lea i Jeng R003 4 a0 Ueseige ne tenes Saat oe enh eI MN A ele kop earls a, Moose Point. 
SiesPioneer: Canneries) «(ine ))e ae ee ee Snug Harbor. 
S2osAretic PaclaimayGon dys Sates Rob Lyte ys een eae English Bay. 
84. (Charles BS Miyersee 220 wee. Sule a a Paulie Creek. 
90. Alaska Year-Round Canneries Co____---__-______- Seldovia. 

KODIAK-AFOGNAK DISTRICT. 

HonAlaska’ Packers /ASsocia tion sue ie a eee Larsen Bay. 
HiwNorthwestern Misheries Cosel ts. wien Sse Uyak. 
583 Robinson! ‘Packing, Corporation=2—-- 2s aera a eee Zachar Bay. 
6k Miehael (PY Galvinen 2.2 eee Our Island. 
G2 iodiak -Hisheries (Co. ue eee Kodiak. 
63) Katmai Packing Coss Li oe see Uzinki. 
64. Kodiak Island Fishing & Packing Co___-_--_-___- Uganik Bay. 
€5Ey NEA] LUN EARN Ge pe ST OM Eps SI a ee Raspberry Island. 
GE WIE MESES cin 61, whe eee Se Kodiak. 

GSAlaskallSea, Hood, Products Cost. 2 a aes Three Saints Bay. 

69) Sant Juan Mishine & Packing Col. see ee Uganik Bay. 
(AL ne OWeueE wml ach Wealckin oe .C.o cues eos eae Uzinki. 
7G Sani, Wea Cam os Co eae a eee Uganik Bay. 
(8. Opheim, ‘SUsarcenteyst sy ese we WL hae a Shuyak Island. 
(Opel Skeicaaka a eee tau aves, (Oro wy aad NP ee la Kukak Bay. 
CY) Ma 2 ral) Y HWE) fe Tk 0) BAS MMR RA eda le pt AL 9 ls Da Oe yt Uyak Bay. 

SB BreyerdinGe ky Hr evar Cha ok iy si ae ea ae eee Raspberry Island. 

ST. AlitakpiPackin ge (Cons oo sei) Aisle piesa gelog ee eae eT ee Lazy Bay. 
89) "Hoppiie anielsen 20s i0 2 eo ee oD oem kegs Baye 

Permits for operations on a small scale have also been granted to 
a number of local residents by the bureau’s representatives in the 
districts, 27 such permits having been issued in the Alaska Peninsula 
Fisheries Reservation, 90 in Bristol Bay district, 120 in Cook Inlet, 
and 60 in the Kodiak-Afognak district. 

SPECIAL STUDIES AND INVESTIGATIONS. 

Mention of these is made in a preceding section of this report, but 
it appears desirable to refer to them here to complete in one section 
a record of the bureau’s activities in Alaska. 
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Counts of red salmon ascending to their spawning grounds were 
made on Karluk and Chignik Rivers in the season of 1922 and are 
being renewed in the season of 1923. Inasmuch as these streams af- 
ford an excellent opportunity for determining the commercial catch 
of salmon and at the same time enable satisfactory results in count- 
ing salmon passing upstream, it is felt that reliable information as 
to the percentage of escapement necessary to perpetuate the runs 
without diminution can be developed eventually. This will necessi- 
tate counts over a series of years. Similar counting operations 
were inaugurated in the season of 1923 on Nelson River, flowing 
into Herendeen Bay, but were abandoned on account of physical 
acu and on two streams tributary to Alitak Bay on Kodiak 
Island. 

Under the direction of Dr. C. H. Gilbert, important investiga- 
tions were made in western Alaska in 1922 and will be continued 
upon a larger scale through the season of 1923, with a view to deter- 
mining migration routes of salmon. Interesting information has 
already resulted in this connection from the tagging of 4,000 red 
salmon at Ikatan Bay and other waters of that general region in 
1922. While most of the fish subsequently recaptured were taken 
in the vicinity where tagged, a number were secured in Bristol Bay 
and a few on Cook Inlet, and one even on the Kuskokwim River. 
A party remained over the winter in the Nushagak region to in- 

vestigate the salmon-spawning grounds and endeavor to ascertain the 
size of the escapement in 1922. A specialist was sent to the Cook 
Inlet district in the season of 1923 to investigate the extent of the 
clam beds and thus secure data as a basis for the proper regulation 
of the fishery. A study of the salmon fishery of the Kuskokwim 
River was made in 1922, and the destruction of predatory fishes in 
streams tributary to Bristol Bay was again conducted along lines 
followed in recent years. ; 

PROTECTION OF WALRUS AND SEA LIONS. 

No changes were made in the walrus and sea lion regulations issued 
April 21, 1921, nor were any violations reported during the year. 

NEW LEGISLATION NEEDED. 

The fisheries of Alaska are being administered under the provisions 
of the act of June 26, 1906. This law is wholly inadequate and there 
is urgent need of new legislation to meet present-day conditions. 
The expansion of the fishery and modifications in methods make 
effective conservation impossible in many sections. This situation 
has been brought to attention repeatedly but so far without avail, 
and it is earnestly hoped that at its next session Congress will afford 
the desired relief. While the situation has been helped through the 
creation of reservations by Executive order, that expedient is re- 
garded merely as a temporary measure pending the enactment of the 
legislation necessary for adequate control of a grave situation. To 
those who have opposed fishery reservations upon grounds of prin- 
ciple, the answer is that the fishery must be saved now and the reser- 
vation policy is the only possible means until Congress acts. The 
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best means available have been used to alleviate a critical situation 
until the final cure, through added legislation, can be effected. 

ALASKA LEGISLATURE. 

At its regular session early in the year 1923, the Territorial Legis- 
lature of Alaska passed several laws bearing upon the fisheries. One 
of these added materially to the license-tax rates on products and on 
certain fishing apparatus, another provided for the licensing of fish- 
ermen, and the third imposed certain closed seasons on fishing in 
the waters of southeast Alaska. 

ALASKA FUR-SEAL SERVICE. 

GENERAL ACTIVITIES AT THE PRIBILOF ISLANDS. 

The administrative work on the Pribilof Islands was carried on in 
the usual manner by the bureau’s staff of 15 white employees. The 
population of the two islands consists of about 325 native men, wo- 
men, and children, who carry on the physical work of sealing and 
foxing and other activities, supervised by the bureau’s representatives. 
Compensation for these services is in the form of nominal cash pay- 
ments for the work of taking seal and fox skins, together with sub- 
sistence, including food, fuel and clothing, and living quarters, school 
facilities, and medical attention. In addition to the island natives, 
from 50 to 60 native laborers are secured each year from the Aleutian 
Islands for the period of active sealing. 

The work of the bureau on the islands covers a wide range, for, 
in addition to sealing and foxing operations, it involves the erection 
of buildings, construction of roads, maintenance of machinery and 
equipment necessarily various in so remote and isolated a region, 
construction and repair of small boats used for landing cargo, in- 
stallation of water-supply and electric-lighting systems for the 
villages on each island, operation of a by-products plant for the 
production of oil for use in dressing sealskins, preparation of seal 
meat for feeding foxes during the winter season, and the keeping of 
extensive records of all activities. 

Supplies for the Pribilof Islands were transported from Seattle by 
chartered commercial vessels during the summer of 1922, but in 1923 
it was again possible to secure cargo space on the naval radio tender 
Gold Star, which also transported a number of passengers for the 
bureau. Passengers and small lots of supplies were also carried by 
vessels of the Coast Guard and by the commercial steamer Buford 
in the spring of 1923. 

The process of removing pelts by stripping from the body of 
fur seals, developed within the last two or three seasons, was con- 
tinued along more extensive lines. This process requires certain 
marginal cuts to permit the literal pulling off of the pelt, but does 
away with the use of knives, as formerly, for separating the skin 
from the underlying tissues. This reduces or practically eliminates 
cuts, to the consequent enhancement of the value of the pelts. The 
improved process of stripping necessitates washing and blubbering 
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the pelts on the islands before they are salted. In the season of 1922 
approximately 50 per cent of the skins were taken in this manner. 
Expansion in facilities will make possible its application to about 75 
per cent in 1923. It is planned to remove practically all skins in 
this way during the next season. 
A party headed by Assistant Secretary Huston was at the 

Pribilof Islands from July 11 to 19, 1922, for the purpose of obsery- 
ing methods and giving consideration to administrative policies. 
Included in the party were Dr. Leonhard Steineger, of the U. S. 
National Museum, a noted authority in regard to the fur seals of 
the north Pacific, and Ward T. Bower, of the Bureau of Fisheries. 
After leaving the Pribilofs, visits were made to the Commander 
Islands to note conditions regarding the Russian fur-seal herd, 
and to Robben Island, to which the Japanese herd resorts. Con- 
sideration was also given to fishery and fur-seal matters in Japan 
and elsewhere. 
A representative of the bureau authenticated 625 fur-seal skins 

taken by Indians in the vicinity of Sitka, Alaska, during the spring 
migration of 1923, and 1 additional skin that had been taken in 
the spring of 1922 but not authenticated at that time. Indians also 
took 871 fur-seal skins off the coast of Washington, which were 
authenticated by the superintendent of the Neah Bay Reservation 
under authorization by the Department of Commerce. A patrol for 
the protection of the seal herd during its migration to the Pribilof 
Islands was conducted by vessels of the U. S. Coast Guard. Four 
vessels of the bureau also maintained a patrol of the sealing grounds 
in the vicinity of Sitka. 

The bureau’s vessel Hider performed excellent service for the 
islands during the first six months of the current fiscal year in 
which she made seven trips from Unalaska to the Pribilof Islands. 
One trip was made to King Cove im an effort to secure native work- 
men for sealing on the Pribilofs and one trip to Belkofsky to return 
native laborers to their homes. Early in January the vessel was 
ordered to Cordova for repairs and later was sent to Seattle for the 
installation of a Diesel engine. The vessel was still at Seattle at the 
end of the fiscal year but was expected to return to Alaska about the 
middle of July. 

SEAL HERD. 

The 1922 estimate of the seal herd, as of August 10, gives the total 
number of animals as 604,962, an increase of 23,519 over 1921. In 
1922 some experiments were made in photographing sections of the 
rookeries, with a view to determining the practicability of the use of 
photography in the counting of seals. No conclusive results were 
obtained. 

TAKE OF SEALSKINS. 

The number of seals killed under Government supervision on the 
Pribilof Islands in 1922 was 31,156, of which 30,260 were taken dur- 
ing the regular season ended August 5 and the remainder in the fall 
and winter. 
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An important innovation this season has been the branding on the 
back with a hot iron of 5,000 38-year-old male seals for breeding 
purposes. This work was done before the beginning of extensive 
commercial killing. In addition to the 5,000 thus branded, 5,000 
were temporarily marked by shearing the hair on top of the head, 
so that these animals were exempted from killing in the current sea- 
son, and thus from abundance of caution the actual reserve of 5,000 
required by law has been doubled. Since only 3-year-old seals are 
killed for their skins, none of these animals will be killed intention- 
ally in later years and will thus be allowed to develop to maturity, 
subject only to natural mortality. 

SALES OF SEALSKINS. 

In the fiscal year 1923 two public auction sales of fur-seal skins 
were held at St. Louis. At the sale on October 9, 1922, 17,194 
dressed, dyed, and machined skins brought $535,967.50, and in addi- 
tion 164 raw, washed, and dried skins and 387 raw salted skins were 
sold for $87.55; at the sale on May 28, 1923, 18,118 dressed, dyed, and 
machined skins brought $564,224.75, a total of 35,513 skins and 
$1,100,279.80. These prices averaged approximately the same as in 
the previous year. 

At the May sale there were also sold 55 sealskins from the Japanese 
herd on Robben Island, representing the share of the United States 
in the skins taken in 1921. They brought a total of $1,940. 

As a result of the sales of fur-seal skins from the Pribilof Islands 
in the fiscal year 1923 the sum of $69,105.86 has been paid to Great 
Britain and a like amount to Japan covering value of their respective 
shares of skins under the terms of the North Pacific Sealing Con- 
vention of 1911. 

FOXES AND REINDEER. 

Herds of blue foxes of considerable commercial importance are 
maintained on the Pribilof Islands. To a large extent these herds 
support themselves, feeding on the carcasses remaining from seal 
killings and on the immense flocks of sea birds that nest on the 
islands, but winter feeding is also provided for by the preserving of 
seal carcasses. During the winter of 1922-23 a total of 888 blue 
and 29 white fox skins was taken. The prevalence of warm, wet 
weather on St. George Island, which has the larger herd, seriously 
interfered with foxing operations during the season, as the animals 
were able to secure food in plenty and were not forced to come to the 
traps for food. A breeding reserve was also marked and released 
on St. George Island. 

The 712 blue and 21 white fox skins taken in the winter of 1921-22 
were sold at public auction at St. Louis, October 9, 1922. The total 
amount bid was $67,310, an average of $93.18 for blue and $46 for 
white skins. In addition, 12 live blue foxes were sold for stocking 
fox farms in Alaska, delivery being made at Unalaska in September. 
The price received for the live animals was $175 each. 

The herds of reindeer, which were introduced on the Pribilof 
Islands in 1911, now furnish a valuable supply of fresh meat. It 
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was estimated that there were approximately 400 animals on the 
islands at the end of the calendar year 1922, while 60 animals had 
been used for food during the preceding 12 months—38 on St. Paul 
Island and 22 on St. George. 

COOPERATION WITH OTHER GOVERNMENT AGENCIES. 

The International Committee on Marine Fishery Investigations 
met in Washington on November 10, 1922, and in Toronto on May 
4, 1923. The first meeting was attended by three representatives 
each of the United States and Canada, and the second by two 
representatives of the United States and three of Canada. At the 
Toronto meeting the committee had the satisfaction of welcoming 
a representative of France, that country, by reason of its fisheries 
in the western Atlantic, having officially expressed a desire to par- 
ticipate in these conferences. The representative of Newfoundland 
was unable to attend either meeting. Plans were laid for coordinat- 
ing certain of the marine-fisheries investigations of the countries 
represented. 

Helpful relations have been maintained with the Bureau of 
Standards, Coast and Geodetic Survey, Bureau of the Census, and 
Bureau of Foreign and Domestic Commerce. 

The National Park Service and the Forest Service have cooperated — 
in stocking streams with fish and in facilitating fish-cultural work 
in other respects, and assistance to various branches of the bureau’s 
activities has been rendered by the Bureau of Indian Affairs, the 
Reclamation Service, and the Geological Survey. 
An assistant was again detailed to the Public Health Service for 

investigations of mosquito control through the agency of fishes. 
The Navy Department furnished transportation for supplies and 

personnel to the Pribilof Islands, and the Coast Guard Service as 
usual extended valuable assistance on many occasions. 

The Consular Service has supplied important information con- 
cerning the fisheries of foreign countries. 

VESSEL SERVICE NOTES, 10923. 

The steamer /'%sh Hawk has continued the hydrographic and bio- 
logical survey of Long Island Sound, which was inaugurated at the 
end of the jast fiscal year. Eight round trips, aggregating 2,213 
miles of steaming, have been made, from 30 to 56 stations being 
covered on each trip. The Fish Hawk has not been extensively over- 
hauled since 1916 and is in urgent need of repairs and new propellers, 
for which a special appropriation has been asked. 

The steamer Halcyon has been engaged in carrying on a fishery in- 
vestigation in the north Atlantic and in fish-cultural operations in 
connection with the Gloucester and Woods Hole stations. In July 
current observations were made on lines 150 miles each from Sandy 
Hook and Chatham and 25 miles from Cape Elizabeth, and April, 
May, and June were spent in tagging codfish in the vicinity of Nan- 
tucket. During August and September the crew was occupied in 
overhauling the gas boat Hittiwake preparatory to her transfer to 
Seattle, and in February valuable service was performed by the 
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Halcyon in keeping channels open through the ice in the harbors of 
Paes le ih Salem, and Manchester. In all the vessel steamed 3,575 
miles. 

The Pha/arope and Gannet were utilized for fish-cultural and col- 
lecting work at the Woods Hole and Gloucester (Mass.) stations, re- 
spectively, and the former was brought to the Potomac River for 
use at the hatchery at Bryans Point, Md., during the shad season. In 
October her crew took the A7%ttiwake from Woods Hole to Norfolk, 
whence she was carried on a Navy transport to Seattle. 

In addition to the steamer Shearwater, the bureau now operates 
two large gas boats, the Curlew and Fulmar, on the Great Lakes. 
These are attached to the fish-cultural stations at Put in Bay, Ohio, 
Cape Vincent, N. Y., and Charlevoix, Mich. ; 

The supply vessel #%der made seven round trips between Unalaska, 
Alaska, and the Pribilof Islands, carrying Government employees, 
freight, and supplies, and two trips to Belkofsky with native laborers 
who had been employed on the islands. During the winter exceed- 
ingly stormy weather prevailed, which delayed operations and at 
times prevented the vessel from going to sea. In December an attempt 
was made to save the gas vessel Lister, which was ashore at Cape 
Makushin, about 40 miles from Unalaska. The wife and family of 
the captain were transported to Unalaska. In February the Hider 
was taken to Cordova for repairs to her engines and upper works, 
but as it was finally decided to equip her with new engines she pro- 
ceeded to Seattle, where she arrived March 24. The old 110-horse- 
power engine has been removed and a 140-horsepower Diesel engine 
installed. It is believed the change will effect a great saving in the 
cost of fuel and also give the vessel needed additional power. Other 
changes and improvements will add to her efficiency and seaworthi- 
ness. During the year she cruised 7,420 miles. 

The usual patrol and fisheries investigations were carried on in 
southeast Alaskan waters by the gas boats Auklet, Murre, Petrel, and 
Widgeon; the Scoter operated in Bristol Bay, the Zern on the Yukon 
River, and the Merganser was sent to Chignik. While these Alaska 
boats are on active duty only during spring, summer, and early fall 
months, the service they are called on to perform is onerous, exact- 
ing, and often dangerous. They cruised during the year from 
4,000 to 7,800 miles each. During inactive periods their crews are 
kept busy with repairs and upkeep, and in addition are called on for 
other work not directly pertaining to vessels and boats. 

The Kittiwake, originally obtained from the Navy, reached Seattle 
in the spring of 1923, and is being refitted and furnished with a 
more powerful engine to fit her for the needs of the Alaska service. 
In May the small gas boat /bés was purchased for use at Chignik. 

The activities of vessels in Alaska are briefly stated in the section 
of this report dealing with the bureau’s work in the Territory. 
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APPROPRIATIONS. 

The regular appropriations for the bureau for the fiscal year 
1923 aggregated $1,262,090, as follows: 

MIEN GSS [ge Pg ii 0 1 RRS ARGC 0s EN A PS Dac ae $456, 960 
Pay, officers and crews of vessels for Alaska service______________ 31, 630 
Miscellaneous expenses: 

PEO TN UIT 6S GX LaLa at Eg esta oe A Dd oh a a eh 11, 000 
PropacahonvOlLtOOdshSNes == sce s = os Le ene aa 375, 000 
NIN TENANCE VOL TV CSSCLS teeta os ea a 100, 000 
IniquinveTeSspeening” TOO aSIeS ao ea Eo ee 40, 000 
HSM AREY CONS ERCCENT TK 0 9 U0 a yea DS A ek es SPIO ey, ar DSL 20, 000 
PPOLCe a ESPON C 11S I OT CS ees ye ee ar 3, 000 

ErObecunemseal and Salmon? fisheries =" 28 i ee eee 165, 000 
Repairs to fish-cultural stations: 

VEST Ad EXER RENNIN E aa ke  e  y 7, 000 
VOR ACD Da Dt Eh Ye PS a i Sn 8 Ag a 6, 000 
Gloucester, WSS ee ee ee peel a 6, 500 

Establishment of station on Mississippi River__________--___--______ 40, 000 

BING) fsa) | pee ee ee ates Pe femal nL UEP A ees ONE 1, 262, 090 

Respectfully submitted. 
Henry O’Ma tt ey, 

Commissioner of Fisheries. 
To Hon. Herserr Hoover, 

Secretary of Commerce. 

O 
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PROPERTIES AND VALUES OF CERTAIN FISH-NET PRE- 
SERVATIVES.' 

By Harpen F. Taytor, Chief technologist, and ArtHuR W. WELLS, Assistant tech- 
nologist, U. S. Bureau of Fisheries. 

Contribution from the Fishery Products Laboratory, Washington, D. C.? 
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INTRODUCTION. 

Most of the fish taken commercially in the waters of the United 
States are captured by means of textile gear that is perishable—chiefly 
cotton and linen. The value of the webbing and lines used by our 
fishermen, as shown in Table 1, is approximately $14,000,000. When 
this sum is compared with the value of the annual catch of fish, which 
for the entire nation is about 2,500,000,000 pounds, valued at $80,- 
000,000, it appears that the invested capital for gear is very large; 
boats, houses, machinery, and the like further increase the cost. ot 
only is this item for textile gear large, but the gear itself is very per- 
ishable. Many nets wear out in one season; perhaps most nets ee 
less than two fullseasons. Such rapid loss of invested capital becomes, 
therefore, of the nature of overhead expense, which helps to diminish 
the fisherman’s reward for his labor, but which must in the end be 
paid for, at least in part, by the consumer. When considered from 
the viewpoint of the individual fisherman, a fishing vessel, or com- 
pany, the importance of reducing the cost of this item is obvious, 
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but no less obvious is its importance when considered as a part of 
our national economy. 

TaBLEe 1.—Number and value of fishing nets in the United States. 

Number.| Value.t Number.} Value.! 

Beine6. sce 5 a. seees sess ont 5,440 | $1,877,278 || Otter trawls................. 1, 287 $74, 017 
GUESS... cnpwlcgesoan as 2-4 223,890 | 4,196,592 || Paranzella nets.............. 44 9, 000 
Trammel nets.............-. 3, 312 116,611 || Lampara nets..............- 65 29, 500 
Pound nets, trap nets, and Ibinessavach- 4522 f=. 6 co soce ess aeesee 2 514, 913 
WEHS oan cceagtee esc eas cnc's 17,968 | 6,355,281 || Eel pots and traps.......-... 23, 792 28, 695 

Bykoamets ; .cckciek o<sens~c0-5 62, 570 449, 247 || Lobster pots........----:-..- 247, 324 623, 475 
Shop Nets =< 5 = ree en 305-012 207 13, 367 ——————_ —_—_—_—_ 
Hoop nets, ENS and traps...} 238, 047 44,819 Potale sees 2. 608, 983 | 14, 337, 630 
Beam trawis. .-02. -2)-5: - =! 37 4, 83: 

1 These figures, obtained in the regular canvasses of the fisheries, represent not new value but values of 
the gear owned by the fishermen at the time of the canvass. 

One would think, in view of these facts, that the art ot preserving 
nets effectively would already have reached a high degree of perfec- 
tion, but it has not done so. The literature of the subject is very 
small; the number of scientific papers reporting serious research into 
the subject can almost be counted on one’s fingers. The conclu- 
sions found in the few papers reviewed are mostly inadequate, dealing 
as they do mainly with the factor of tensile strength and being based 
on too short periods of exposure. Furthermore, the principal mate- 
rials used for net preservatives seem to have come into use for insuf- 
ficient reasons. Tar, the commonest material, appears to be used 
principally because it is available, cheap, and does some good, though 
never developed especially to meet any particular requirement, and 
indeed answering rather poorly most of the requirements of a good 
all-round preservative. Tanning extracts seem to have come into 
use through reasoning by a false analogy that if tanning preserves 
skins it will preserve cotton and linen lines also. As a matter of 
fact, there is no chemical similarity between cotton or linen and 
animal skins, and, as will be seen later, very little good results from 
the use of tanning materials alone on cotton or linen. 

The plain need is therefore obvious. The various preservatives 
now available should be subjected to thoroughgoing scientific investi- 
gation to determine their suitability and iiidattaationd in every way 
as ghee or special preservatives, and a serious effort should be 
made to produce a material that really meets the many requirements 
of a suitable, efficacious, and all-round preservative of fish nets. 
The present paper will report results of experiments and tests made 
during the past two years with these objects in view. 

GENERAL SUMMARY. 

The principal results and conclusions arrived at and reported in 
detail in the main part of this paper following are here summarized. 

1. The following preservatives and preservative methods were 
tested: Coal tar, pine tar, coal and pine tar mixed, two eid itiagt 
petroleum products, quercitron and potassium bichromate, the Dutc 
tanning method, copper oleate in nine variations, two proprietary 
copper paints, a proprietary waterproofing compound, gilsonite (sold 
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co a trade name), and two combinations of copper oleate and 
coal tar. 

2. The textiles tested were No. 24 cable-laid, hard-finish twine 
cotton and10-ply linen thread. 

3. The factors determined were tensile strength, flexibility, wearing 
quality, increase in weight, shrinkage, resistance to fouling by marine 

owths, color imparted, and in some cases liability to spontaneous 
eating. 
4, For determining flexibility and wearing quality machines were 

devised and made. The construction and operation of these ma- 
chines are described. 

5. Series of lines treated with various preservatives were exposed 
to weather conditions in the air, in Atlantic Ocean water at three 
places, and in fresh water at one place. 

6. In the series exposed to weather conditions, the deterioration 
was comparatively slight. Those preservatives with a heavy body, 
such as the tars and gilsonite, preserved better than did those without 
heavy body. 

7. In the salt water, if preservation of tensile strength only is con- 
sidered, those samples that contained copper in some form were best 
preserved. 

8. Tar was a fairly good preservative in salt water for about two 
months, after which time lines treated by it began to lose strength. 
sae tar and pine tar were similar in effect, but coal tar was slightly 
etter. 
9. Tar, either coal or pine, caused a great increase in stiffness and 

weight, both of which increases were quantitatively measured. 
Tar failed to protect nets against fouling by growths of hydroids and 
barnacles. 

10. Tanning by quercitron followed by a treatment with potassium 
bichromate, without copper, was a poor preservative. Lines treated 
by this method showed iittle superiority to untreated lines. 

11. Tanning by the Dutch method (quercitron followed by am- 
moniacal copper sulphate, or bluestone, solution) was much better 
than quercitron and potassium bichromate. It deposited some cop- 
per in the line, preserved fairly well, and increased weight and stiffness 
only slightly. It was troublesome to apply, caused considerable 
shrinkage of the line, and was not so good generally as preservatives 
that deposit more copper in the line. On cotton lines in fresh water 
it was a good preservative. 

12. The proprietary petroleum products and a proprietary gilsonite 
that were studied showed little value as net preservatives. They 
increased the weight and stiffness of the line without causing any 
noticeable preservation. They showed no favorable effect on tensile 
strength, wearing quality, or resistance to fouling. 

13. Copper paint, of which two commercial brands were studied, 
gave opoelleas preservation of tensile strength and resisted to a high 
degree fouling by marine growths; but it excessively increased stiff- 
ness and weight of lines to which it was applied, and because of its 
harshness greatly diminished the resistance of the lines to abrasion 
or wear. 

14. Copper oleate, here tested for the first time and now proposed 
as a net preservative, showed many valuable characteristics. Dis- 
solved in gasoline and applied it penetrated instantly and dried on 
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the lines quickly. It preserved tensile strength well in salt water, 
resisted fouling by marine growths, resisted abrasion or wear as well 
as any coi | raised ee increased weight and stiffness only slightly, 
and imparted an acceptable green color to the line. In fresh water 
results were less promising. Directions are given for making and 
using it. 

15. Marked differences in the behavior of lines were manifested at 
different places and in different waters. At Beaufort, N. C., in salt 
water, sample lines fouled more heavily and disintegrated more 
rapidly than they did at either Key West, Fla., or at Woods Hole, 
Mass. In fresh water of Lake Erie, at Put in Bay, Ohio, the sample 
lines suffered more rapid deterioration than they did at any place in 
salt water. 

16. On linen lines quercitron and potassium bichromate, the 
Dutch method, a petroleum product, and copper oleate were tested. 
Copper oleate preserved best in both salt and fresh water. The 
Dutch method was good; the others were worthless. Linen line, 
with or without preservatives, and in salt or fresh water, deteriorated 
more rapidly than cotton lines. 

17. In no preservative studied was there detected any tendency 
toward spontaneous heating or combustion. Such cases of heating 
of nets as occur must be ascribed to something other than simply 
the preservative. 

18. Even with highly oxidizable oils, such as linseed oil, the tem- 
Fae e ee to kindle spontaneous heating is in excess of 122° 

MLE ag ba 
19. Cotton lines exposed to temperature as high as 302° F. (150° C.) 

dry heat, or 257° F. (125° C.) under steam pressure for two hours 
showed no significant loss of tensile strength. Higher temperatures 
than these are necessary to produce any weakening of lines. 

20. A mathematical procedure was devised for grading the several 
materials for all-round usefulness as fish-net preservatives with new 
white cotton line as a standard of reference. By this method 
copper oleate easily led all the materials tested as an all-round 
preservative in salt water. 

PRELIMINARY EXPERIMENTS. 

In a paper by J. T. Cunningham (1902) mention was made of the 
successive use of soap and copper sulphate, by which lines were 
colored a blue green, a method used by French sardine fishermen. 
This method, which deposits a comparatively insoluble form of 
copper in the lines, appeared to deserve more attention than it had 
yet received. Copper is well known to be an exceedingly toxic 
substance to lower plant life, bacteria, alge, etc., and highly antago- 
nistic to certain ferments, although comparatively harmless to the 
higher animals, and therefore seemed a good prospect for trial in 
different forms. The ferrocyanide of copper is highly insoluble, 
pone to water when dried, and can be applied without 
ifficulty by wetting the lines successively with solutions of copper 

sy, oo and potassium ferrocyanide. Accordingly, in 1920 a small 
preliminary series of exposures and tests was carried out that _ 
included these two treatments—copper soap and copper ferrocyanide. 
For comparison and control untreated lines were used, and also the 
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method found in the literature to be best. This latter method, 
described by Bull (1902) and reviewed by Taylor (1921, p. 22), con- 
sists of treating the lines first with a hot solution of quercitron in 
ey then with a cold solution of potassium bichromate and copper 
sulphate. 

he lines prepared for exposure were treated as follows: (1) Lines 
treated by Bull’s method (quercitron, potassium bichromate, and 
copper sulphate); (2) a tenth normal solution of copper sulphate 
followed by a tenth normal solution of potassium fesrisesfeaidie 
(3) a tenth normal solution of potassium ferrocyanide followed by a 
tenth normal solution of copper sulphate; (4) same as (2), but half 
normal solutions instead of tenth normal solutions were used; (5) a 
hot solution of soap followed by a hot solution of copper sulphate. 

Samples of No. 24 white cable-laid, hard-finish cotton lines were 
prepared, two by each method, and sent to Beaufort, N. C., for 
immersion in sea water in June. One sample of each was removed 
and tested after 4 weeks, the other after 10 weeks. Table 2 shows 
the tensile strength in kilograms. 

TABLE 2.—Tensile strength of cotton lines exposed in sea water at Beaufort, N. C., 1920. 

Tensile strength 
after— 

Number and method of treatment. : 

4 weeks. | 10 weeks. 

Kilograms.| Kilograms. 
13. 40 1... Bull’s methods (quercitron, 6tC2).52 lsc.’ cs shes cate ube aua toute ceeecindaececs tes 7.78 

2. Tenth normal copper sulphate and tenth normal potassium ferrocyanide......- 10. 86 3. 66 
3. Tenth normal potassium ferrocyanide and tenth normal copper sulphate......- 10. 62 3. 22 
4, Half normal copper sulphate ana potassium ferrocyanide..........-.---.------ 13. 06 4,98 
5. HOap ANG. Copper sulphates an se 5. oee ae eee see mnie sete wien eee a ete 11.96 7.32 
6. Untreated, control (tensile strength before exposure, 18 kg.)............-...--- 10. 48 1.18 

Bull’s method was best. Copper ferrocyanide was a failure, for the 
reason, obvious on examination, that all the copper ferrocyanide was 
deposited near the surface of the line; the inner parts were not 
reached. The copper soap preserved nearly as well as Bull’s method, 
though examination revealed the soap to be confined largely to the 
exterior of the line, and the copper soap itself was a precipitate not 
uniformly spread over the fibers. 

CONCLUSIONS FROM PRELIMINARY EXPERIMENTS. 

None of the methods included can be regarded as satisfactory, as 
a marked decomposition occurs in all of them on 10 weeks’ ex- 
posure. 

Copper ferrocyanide is of little value. 
Copper soap promises well and calls for more study to effect good 

penetration and uniform distribution. 

COPPER SOAP. 

The green precipitate deposited on the lines by successive applica- 
tions of soap and bluestone is, of course, copper soap, a mixture of 
several fatty acid salts of copper oleate, stearate, palmitate, etc. 
The two principal defects in this mode of application are (1) the 

0 a 
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precipitate first formed near the surface of the line prevents further 
penetration of the reagents, and (2) the precipitate is in the form of 
irregular particles adhering to the fibers, not enveloping them in a 
continuous film. It was found that a uniform deposit could be 
roduced and thorough penetration effected if the copper soap were 
issolved in a suitable solvent and so applied. Benzol, gasoline, 

carbon tetrachloride, turpentine, oils, etc., dissolve copper oleate, but 
not stearate. Accordingly, attention was from this time confined to 
copper oleate dissolved in benzol, gasoline, kerosene, etc., and in the 
many experiments with samples of lines preserved copper oleate was 
included in a variety of concentrations and combinations to determine 
its value absolutely and in comparison with other preservatives. 

Before further experiments were begun, however, it was necessary 
to solve certain problems connected with the application of copper 
oleate solutions. It was found that when benzol is used as a solvent 
the solution in the line creeps to the surface during the evaporation 
of benzol, so that on the dried line almost all of the copper oleate is on 
the outside. It was found that a small quantity of mineral oil added 
to the benzol solution remains and prevents the oleate from creeping. 
With gasoline the difficulty was scarcely so great, yet it seems wise 
to add the oil, by which means a perfectly uniform deposit is secured 
throughout the line. 

EXPERIMENTAL EXPOSURE AND TESTING OF LINES. 

Four series of experiments were undertaken with a view of deter- 
mining the effects of the preservatives. Different geographical 
regions were chosen to determine differences that might arise from 
that cause; and from time to time new tests were carried out as the 
need for them appeared and as soon as the technique of applying 
them could be worked out. These tests will be described as they 
arise in connection with the experiments. No. 24 cable-laid, hard- 
finish cotton line was used uniformly throughout for cotton line; for 
linen line 10-ply salmon gill netting was used. The results are 
therefore comparable. 

NOTATION OF SAMPLES. 

In the following key all samples designated by the same letter of 
the alphabet are always treated with the same preservatives in the 
same way. Im all the results recorded herein the symbols and 
identifying numbers refer to this key. 

Key to symbols for preservatives studied. 

COTTON LINES. 

fle ee White line—untreated—No. 24 medium laid cotton line used as a control. 
Ls atch Copper oleate—7 per cent concentration in gasoline. Lines were dipped into 

this solution and allowed to become thoroughly saturated. This requires 
two or three minutes. The lines were then removed and spread out to dry 
(not piled inaheap). - 

C......Copper oleate—7 per cent concentration in gasoline and containing 5 cc. of 
mineral oil to every 95 cc. of solution and 1—-1000 parts of cresol. Applied 
same as B. 

D.......Copper oleate—11 per cent concentration in gasoline. Applied same as B. 
pe ee Copper oleate—11 per cent concentration in gasoline and containing 2 cc. of 

mineral oil for every 95 cc. of solution. Applied same as B. 
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Equal weights of heavy coal tar (sp. gr. about 1.25) and benzol were mixed. 
The benzol thinned the tar sufficiently, so that no heating was necessary. 
The lines were then dipped into this tar-benzol solution, soaked for 5 or 10 
minutes, and then wound out on a reel to dry. As the lines were drawn 
out of the tar they were drawn between the fingers in order to remove the 
excess tar adhering to the lines. This may also be accomplished by using 
a wringer. 

Equal weights of pine tar (sp. gr. 1.18) and benzol were mixed, the benzol 
ae as a thinner, and thus eliminating the use of heat. Applied same 
as F. 

Coal tar 25 per cent, pine tar 25 per cent, and benzol 50 per cent were mixed 
and applied same as F. 

Quercitron and potassium bichromate. The lines were steeped in a hot 
solution of quercitron, 1 pound to 2 gallons of water, until the solution was 
cold, dried, again steeped in the same way and again dried. They were 
then immersed for a few minutes in a solution of potassium bichromate 34 
pounds to 150 gallons of water. This method was tried for the purpose of 
comparison with the Dutch method in which tanning extract and copper 
are used together. 

Petroleum product No. 1. This is a product made and sold by a western oil- 
refining company as a preservative for fish nets. It is a heavy, black 
liquid, closely resembling tar and is applied in the same way as tar; that is, 
by dipping once in the cold liquid and then winding on areel todry. The 
product is ready for use as purchased from the manufacturer. 

Proprietary waterproofing material. All lines used in experiments with 
this material were treated at the factory of the concern making the material. 
The material is a thin, black liquid of specific gravity about 0.850 and is 
applied by dipping the line into the solution. No heating is necessary. 

..Dutch method. The lines were steeped in a hot solution of quercitron, 1 
pound to 2 gallons of water, until the solution was cold, dried, again steeped 
in the same way, and again dried. They were then immersed for a few 
minutes in an ammoniacal solution of copper sulphate, containing 1 pound 
of copper sulphate and 3 pounds of 25 per cent liquid ammonia for every 
124 gallons of water. For a full description of this method see Olie (1918). 

Copper oleate—7} per cent concentration in gasoline. Applied same as B. 
. Copper oleate—124 per cent concentration in gasoline with 5 cc. of mineral 

oil for every 95 cc. of the copper oleate solution, and 1—-1000 parts of cresol. 
Applied same as B. 

Copper oleate—i24 per cent concentration in gasoline. There was no mineral 
oil added to this. It was run for the purpose of comparison with those 
combinations of copper oleate solution with oil. Applied same as B. 

Copper oleate—123 per cent concentration in gasoline with 5 cc. of mineral 
oil to every 95 cc. of copper oleate solution. Applied same as B. 

Copper paint No. 1. This is a red copper paint similar to that used on ships’ 
bottoms. The principal ingredient is copper oxide suspended in some 
vehicle, such as thin coal tar. The paint was mixed with an equal volume 
of creosote oil and the line dipped into this solution. The twine was then 
wound out on a reel. It is preferably used immediately after such treat- 
ment, but may be allowed to dry before putting in water. 

--Copper paint No. 2. This is another red copper paint, similar to Q, but con- 
taining more copper. This is applied without any additional thinning, 
but otherwise the same as Q. The preservative may be allowed to dry or 
used immediately. The twine was left much stiffer than when treated 
with copper paint No. 1, and the increase in weight was much greater. 
More copper was deposited in the line than in the case of Q. 

Gilsonite. This is an asphalt product sold by a western company under a 
proprietary name as a fish-net preservative. It is a thin, black liquid 
having a specific gravity of about 0.870. The product is sold ready for use 
and is applied by allowing the line to soak in the liquid for about 20 minutes 
and then winding out on a reel and allowing to dry. 

Petroleum product No. 2. This product is sold by the same concern as was 
petroleum product No. 1(J). The No. 2is a black liquid, thinner than No. 
1, and intended for use on gill nets and other light gear that must be left 
flexible. Applied same as j k 

.-This preservative is a mixture of 50 per cent heavy coal tar (road tar), 35 
per cent benzol, and 15 per cent copper oleate (each by weight). Applied 
same as F’. 
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Z,....-.-The lines are first treated with a 15 per cent solution of copper oleate in gaso- 
line, allowed to dry and then dipped into a solution of coal tar and benzol, 
50 per cent each. The lines are then dried as in the case of coal tar (F). 

AA... .Copper oleate—15 per cent concentration in gasoline. Applied same as B. 

LINEN LINES. 

i A a Untreated, 10-ply 40, Irish flax salmon thread, used as a control. 
U.......Copper oleate—12} per cent concentration in gasoline. This is the same 

preservative as was described under P for cotton line and is applied the 
same as P. 

Veins « 3 Quercitron and potassium bichromate. This is the same method as was 
described under I for cotton thread. 

Wey.dst Dutch method. This is the same method as was described under L for cotton 
line. 

BB... -Petroleum product No. 2.. This is the same product as was described under 
X for cotton line and is applied same as X. 

CC......Copper oleate—15 per cent concentration in gasoline. This is the same 
solution as was described under AA for cotton line and is applied the same 
as the other copper oleate solutions; that is, by dipping the twine into the 
solution and then spreading out to dry. 

METHOD OF TAKING SAMPLES. 

In order that the same amount of line might be used for each 
sample, and that shrinkage might be measured, it was necessary to 
measure the samples under constant tension. To measure a line, 
one end of the line was made fast at one end of a long hall. The line 
was then paid out for about 100 feet, passed over a small pulley, and 
made fast to a 2-kg. weight. The line thus stretched out horizontally 
under a 2-kg. tension was measured with a steel tape. Trials showed 
that these measurements could be repeated to within 4 inches for 
100-foot lengths. After the samples were treated with the several 
preservatives they were again measured in the same way as before, 
and the shrinkage was noted. The figures for shrinkage from all 
series of experiments will be considered together later (p. 50). 

The accurately measured samples were weighed on the analytical 
balance before and after treatment by the preservatives and the 
gain in weight recorded. These gains will also Ae considered together 
after the several series of experiments have been considered (p. 46). 
Where the weight per unit length of any particular sample dis- 
agreed markedly from the others it was discarded as of over or under 
size. No doubt the figures contained in this paper show some dis- 
crepancies or variations that are due to differences in the line itself, 
but errors of this kind are reduced to a minimum by obtaining the 
average of results from numerous tests. 

Because of the length of samples needed it was impossible to 
measure them in a room of constant air conditions. After trials with 
oven-dried samples for weighing it was found best to weigh in the 
air-dry condition. 

SERIES EXPOSED TO WEATHER CONDITIONS AT WASHINGTON, D. C. 

MATERIALS TESTED. 

Cotton lines were prepared by each of 11 different preservatives 
and preservative methods, namely, copper oleate in four different 
concentrations or combinations, B, C, D, and E; coal tar, F; pine tar, 
G; the two tars in equal parts, H; quercitron and potassium bichro- 
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mate, I; petroleum product No. 1, J; a proprietary waterproofing 
material, K; and the Dutch method, L; untreated white line, A, 
was used as a control. Seven samples were prepared by each pre- 
servative, one to hold as an unexposed heer: the other six to be 
Silk a 

hese samples were lightly stretched on the roof of the Fishery 
Products Laboratory, Washington, D. C., on November 25, 1921. 
At the end of each succeeding month for six months one sample 
treated by each preservative and one control sample were removed 
and tested for tensile strength. The experiments made by others in 
England, Norway, and Holland have usually lasted only about two 
months. In the present instance it was desired to have a full test of 
endurance, so the exposures were continued for six months. 
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MONTHS EXPOSED 

Fig. 1.—Tensile strength of cotton lines exposed to weather conditions at 
ashington, D. C 

TENSILE STRENGTH. 

This factor was measured on a tensile-strength machine at the 
U. S. Bureau of Standards. The machine was automatic, motor- 
driven, and recorded the tensile strength by means of a moving pen. 
Because of variations in the line it is necessary to take the average 
of a number of tests. The figure given for the control is the average 
of 60 tests, all others of 15. Table 3 gives the results of the measure- 
ments of tensile strength for the lines exposed to weather conditions 
at Washington, D. C. The same results are expressed graphically 
in Figure 1, wherein the curves are smoothed by the method of moving 
averages. 

3 Seo footnote 2, p. 1. 
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TaBLE 3.—Tensile strength of cotton lines exposed on roof of Fishery Products Labora- 
tory, Washington, D. C., 1922. 

Number of months exposed. 

2 Symbol and treatment. afa|s|e 

Tensile strength in pounds. 

A—White line, untreated control.............-.........-- 139.3 | 37.3 | 36.3 | 33.8 | 31.4 | 27.5 | 28.0 
B—Copper oleate 7 per cent in gasoline........... Sgdsocce 36.1 | 35.3 | 35.0 | 34.0 | 31.9 | 31.9 | 29.6 
C—Copper oleate 7 per cent in gasoline, 5 per cent oil, 1-1000 

BEOSQR = sas SS 2h eck fan bes Se nah Sep eite siete aeewecaed 35.5 | 34.0 | 33.4 | 33.2 | 31.6 | 31.1) 28.2 
D—Copper oleate 11 per cent in gasoline..-........-. asec: 36.1 | 36.5 | 36.1 | 35.3 | 35.8 | 34.4] 31.1 
E—Copper oleate 11 per cent in gasoline, 2 per cent oil... -. 31.4 | 33.8 | 33.8 | 33.2 | 33.8 | 31.2] 28.4 
F_Coal tar 50 per cent, benzol 50 per cent..............--- 35.4 | 43.5 | 36.9 | 44.0 | 46.1 | 43.1] 44.0 
G—Pine tar 50 per cent, benzol 50 per cent......-........- 35.2 | 39.6 | 39.8 | 44.7 | 47.0 | 44.1 | 44.0 
H—Coal tar 25 per cent, pine tar 25 per cent, benzol 50 per 

SEN ee a asin ac cimwicinjelnyainiain 37.4 | 38.2 | 37.0 | 41.6 | 43.3 | 43.0] 46.0 
I—Quercitron and potassium bichromate................- 39.3 | 40.0 | 36.6 | 35.7 | 36.2 | 36.6] 32.4 
J—Petroleum product NO: its t2sssc enh nsec es doce ss 39.0 | 41.4 | 44.0 | 45.7 | 46.4 | 47.0] 46.0 
K—Propriet waterproofing material.............-.....-. 43.7} -(2) | 43.5] (2) | 41.8] 42.8] 41.0 
L—Dutch Thobhod Secs sabe caecseene Sockets eee ote as- 38.6 | 37.6 | 39.0 | 37.6 | 36.2 | 36.0 | 33.0 

1 Average of 60 breaks; every other figure in this table is the average of 15 breaks. 
2 No sample run. 

Here, it will be observed, the lines preserved by any of the materials 
suffer an immediate diminution of strength even before they are 
exposed. (K, the commercial waterproofing was not tested im- 
mediately after treatment.) The reason for this diminution of 
strength appears to be the lubrication of the fibers. The cotton 
line used consists of comparatively short fibers that are made to 
serve the purpose of a long line by being twisted together. The 
friction between the fibers holds them together. When a pull breaks 
the line, some of the fibers are actually broken, others disengaged. 
The introduction of a foreign substance between these fibers or 
strands may greatly alter the behavior of the line. A lubricant, by 
diminishing the friction between the fibers, causes more of them to 
slip out ouhacnran disengaged and fewer to break; consequently, the 
line is weakened. We see that most of our preservatives immedi- 
ately after application cause such a weakening. These remarks may 
not, and probably do not, apply to lines made of very long fiber cotton, 
like sea-island cotton. The tensile strength of such lines is probably 
the sum of the tensile strengths of the fibers, and binders would have 
little effect on the tensile strength. 
On the other hand, anything between the fibers that increases the 

friction or glues the fibers together will cause an increase in strength. 
This effect becomes evident after the material begins to become 
sticky or dry. In the present instance the lines treated with copper 
oleate, B, C, D, and of and by the tanning methods, I and L, on 
exposure to the weather suffer a gradual though small diminution 
of strength. At the end of six months’ exposure to weather the 
lines are still strong and useful. These preservatives have no body 
or binder. The other preservatives that have a body or binder— 
namely, coal tar, F; pine tar, G; a mixture of the two, H; and the 
petroleum product No. 1, J—show an increase in strength as the pre- 
servative dries. This increase is sufficient to neutralize any deterio- 
ration of the fibers. Those preservatives that behave in a similar 
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way are grouped together in Figure 2, where F, Sh re and J represent 
all preservatives that have a heavy body, Bb, Cc, D Ki, I, and L those 
that have no heavy body, and A untreated line. 

SUMMARY OF RESULTS OF WASHINGTON EXPERIMENTS. 

1. The effects of exposure of cotton lines to outdoor weather con- 
ditions in Washington, D. C., in winter were small; lines so exposed 
suffered very little deterioration. 

2. All preservatives here used caused an immediate small dimi- 
nution in tensile strength. 

3. Preservatives that have a heavy body, such as tar, by binding 
together the fibers caused an increase in tensile strength after the 
material became hard and dry. 

TENSILE STRENGTH IN POUNDS 

j 2 3 4+ 5 6 7 

MONTHS EXPOSED 

Fic. 2.—Tensile strength of cotton lines exposed to weather conditions at Washington, 
D.C., grouped. 

4, Tar and the petroleum product were adequate and effective pre- 
servatives where only weather conditions were encountered. 

5. The modifications of copper oleate showed only trifling differ- 
ences between themselves. 

SERIES EXPOSED IN SEA WATER AT KEY WEST, FLA. 

WATER CONDITIONS AT KEY WEST. 

The sea at Key West is part of the Gulf Stream. The temperature 
and density of the water during the period the lines were exposed 
are shown in Table 4. The water is characterized by an abundance 
of lime. The bottom in this region is covered with a crust of lime- 
stone, and a fine white sediment in the water deposits on the articles 
placed in it. It may be for this reason that the lines did not deterio- 
rate as rapidly as was expected. There were no barnacles or other 
marine growths on the samples returned. 
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TABLE 4.—Water conditions at Key West, Fla. 

Temperature. Specific gravity. 

Year and month. 

Maximum.|} Minimum. | Average. |Maximum.| Minimum.) Average. 

1921. STS Coe # PSE OCS ADA aes 
INOVembers accesses ce se uce ene 82 28 75 24 79 | 26.0 1. 027 1.020 1.024 
IOCEDE DOE eae cee a oe a 81 27 68 20 74 | 23.5 1.029 1. 026 1,027 

1922. 
VETUIAIY W's bine ere erermatercres 82 28 63 17 72 | 22.4 1. 030 1.020 1. 028 
INODFUALY ..¢ = Coen oof inc saasen 6 82 28 68 20 75 | 24.0 1. 028 1.015 1. 022 
Marel®: < oot... sacheces ce enn t-ss,5 86 30 73 23 80 | 26.5 1. 027 1. 025 1. 026 

MATERIALS TESTED. 

In this series 11 preservatives and preservative methods and a 
control were tested. The preservatives and preservative methods 
were copper oleate in four variations, B, C, D, and E; coal tar, F; 
ine tar, G; the two tars in equal parts, H; quercitron and potassium 

Peehcoutatel I; petroleum product No. 1, J; proprietary water- 
proofing material, K; and the Dutch method, L. 

The samples of No. 24 cotton line, six treated by each method, were 
fastened to a frame made of galvanized iron pipe and immersed in a 
cement tide pond at the U.S. Fisheries Station, Key West, Fla., on 
November 7, 1921. <A set of samples was removed every 3 weeks for 
18 weeks. 

TENSILE STRENGTH. 

The samples were tested for tensile strength as already described 
(p.10). Table 5 gives the results. These results are shown graphically 
in Figures 3 and 4, but in Figure 4 those preservatives that give 
similar results are grouped for easy comparison. In both figures the 
curves are smoothed by the method of moving averages. 

TABLE 5.—Tensile strength of cotton lines exposed in sea water at Key West, Fla. 

Number of weeks exposed. 
Unex- 
posed. 

Symbol and treatment. 3 6 | 9 | 12 a) | 18 

Tensile strength in pounds. 

A—White line, untreated control......................---- 139.3 | 37.3 | 34.3 | 35.0 | 29.3 | 26.2] 13.7 
B—Copper oleate 7 per cent in gasoline...................- 36.1 | 34.7 | 35.1 | 36.6 | 35.0 | 33.4] 29.6 
C—Copper oleate 7 per cent in gasoline, 5 per cent oil (by 

volume), 1-1000 cresol . 25.3... 5.5. cee est BREE 35.5 | 32.4 | 41.5 | 34.5 | 34.1] 35.8] 34.5 
D—Copper oleate 11 per cent in gasoline................--- 36.1 | 37.6 | 37.4 | 36.6 | 37.9 | 37.9} 37.9 
Bel aed oleate 11 per cent in gasoline, 2 per cent oil....| 31.4 | 35.0 | 33.9 | 33.5 | 34.4 | 34.3] 35.4 
F—Coal tar 50 per cent, benzol 50 per cent.............-.. 35.4 | 43.2 | 51.0 | 50.2 | 47.8 | 49.6 | 44.4 
G—Pine tar 50 per cent, benzol 50 per cent...............- 35.2 | 43.9 | 38.9 | 44.8 | 44.2 | 47.0] 41.0 
H—Pine and coal tar, 25 per cent each, benzol 50 percent..| 37.4 | 52.2 | 53.0 | 44.0 | 50.1 | 46.0] 51.0 
I—Quercitron and potassium bichromate................. 39.3 | 36.1 | 40.6 | 31.7 | 25.1] 17.6] 14.4 
J—Petroleum product No.1..............0222.2.---2 eens 39.0} 40.6 | 34.0 | 31.0 | 27.9} 19.7] 17.0 
K—Proprietary waterproofing material................... 43.7 | 48.9 | 42.0 | 36.6 | 27.1 | 20.5 | 16.2 
E=-Dutch) method. ss0 591i ee ssiiss. Iss. Je 38.6 } 41.4 | 41.1 | 40.7 | 39.0} 36.3 | 24.4 

1 Average of 60 breaks; every other figure in this table is the average of 15 breaks. 
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It is apparent, in the first place, that the effect of the sea water 
at Key West is much more severe than that of the weather at Wash- 
ington. The untreated line and also those lines treated by quer- 
citron and potassium bichromate, I, petroleum product, J, as well 
as the proprietary waterproofing material, K, were all but com- 
pletely rotten in 18 weeks, though a two or three months’ test (as 
was done in the European experiments) would have shown them to 
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Fic. 3.—Tensile strength of cotton lines exposed in sea water at Key West, Fla. 

be good. The Dutch method, L, which deposits a little copper in the 
lines, was somewhat better, though lines treated by it, too, showed 
marked deterioration, especially after the fourth month. The only 
preservative that brought the samples through four and one-half 
months’ exposure unimpaired in tensile strength were the three tars, 
F, G, H, and the copper oleate, B, C, D, E. The difference between 
the tar and the copper oleate is that the tar stuck the fibers together, 
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and thus increased the tensile strength, while the copper oleate did 
not stick the fibers, but by its preservative action prevented decay 
and held the lines throughout the test up to their original strength. 
The lines preserved with copper oleate did not show great differences 
between chamiaclred nor do the different kinds of tar show important 
differences. 
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Fic. 4.—Tensile strength of cotton lines exposed in sea water at Key West, Fla., 
grouped. 

SUMMARY OF RESULTS OF KEY WEST EXPERIMENTS. 

1. Exposure to sea water at Key West had a severer action on 
cotton lines than the weather at Washington, D. C. 

2. Quercitron and potassium bichromate, petroleum product, and 
the proprietary waterproofing material showed no noteworthy pre- 
serving effect. 

3. The Dutch method was somewhat better, though the lines 
treated by it showed marked deterioration in four and one-half 
months. 

4, The lines preserved with copper oleate showed no substantial 
deterioration in six months’ exposure at Key West; an immediate 

36199°—23 2 
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diminution in strength after treatment was apparently due to the 
lubricating effect. The variations of copper oleate showed no con- 
siderable differences between themselves. 

5. Coal tar, pine tar, and the mixture of the two preserved the 
tensile strength unimpaired for four and one-half months. 

6. The tars also increased the tensile strength by sticking the fibers 
of the twine together. 

7. No growth of marine plants or animals was attached to any of 
the lines at Key West. 

SERIES EXPOSED IN SEA WATER AT BEAUFORT, N. C. 

The exposures were made in the water of Beaufort harbor, at the 
wharf of the U. S. Fisheries Biological Laboratory, from February 
15 to August 15, 1922. 

WATER CONDITIONS AT BEAUFORT. 

The water temperature and salinity for the six months are given in 
Table 6. Here both salinity and temperature vary more than the 
do at Key West, the water being at times considerably diluted ails 
fresh water. There is abundant growth of barnacles, hydroids, ascid- 
lans, sea anemones, and other attached marine growths. 

TABLE 6.—Water conditions at Beaufort, N. C. 

Temperature. Specific gravity. 

Year and month. 

Maximum. | Minimum. } Average. | Maximum.| Minimum. | Average. 

1922 1 Oa | Pa OBE | hd ot Mh heal Sim (ae 2 2¢. 
Mebruary.!..cacseeosicaees cubes 60 16 44 7 54 12 1.019 1.015 1.016 

ATCHMS. Sas. cache aa de aceb aac 71 22 52 11 60 16 1,018 1, 009 1.015 
(Ot epee eee a ah. Ane ee 73 23 57 14 68 20 1, 023 1,016 1,021 

Mays cecai ko ooo bade Fase se bace 80 27 62 17 73 23 1,023 1,018 1,020 
PUN sss gcc «ceed ae sees ace 84 29 73 23 79 26 1.021 1.014 1.018 
UL Ys. ao actat ee eeeseeweboene 86 30 77 25 82 28 1.022 1,016 1,019 
AUPUSER TBs s fear sccm esc 82 28 aa 25 79 26 1.021 1.014 1.018 

TESTS WITH COTTON LINES. 

The lines to be exposed were measured and weighed by the meth- 
ods already described (p. 9). After treatment they were again 
measured and weighed and differences noted, as shrinkage and 
increase of weight, respectively. These factors will be considered 
later. In this series of experiments two new tests were introduced, 
namely, tests of flexibility and of wearing quality, as influenced by 
the preservatives. These factors will be discussed in connection 
with the data obtained concerning them. 

MATERIALS TESTED. 

The cotton twine used here was, as before, No. 24 cable-laid, 
hard-finish cotton, in individual samples, each 100 feet long. 

The preservatives and preservative methods were as follows: 
Coal, pine, and mixed tar, ir. G, and H, as in the previous experi- 
ments; quercitron and potassium bichromate, 1; petroleum product 
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No. 1, J; and also a similar material by new formula by the same 
company, which we designate petroleum product No. 2, symbolized 
by X; the Dutch method, L; four variations of copper oleate, M, N, 
O, and P; two commercial brands of copper paint sold for fish-net 
preservatives, No. 1, Q and No. 2, R. 

TENSILE STRENGTH. 

Of the preservatives here considered for the first time the two 
samples of copper paint cause an immediate increase in the strength 
of dhs line. These materials, containing cuprous oxide, suspended 
in a binding material, cause great internal friction, which manifests 
itself in its effect on tensile strength and also, as will be seen later, 
on flexibility and the mechanical wearing quality of the lines. All 
of the other materials caused the usual diminution of tensile strength 
by internal lubrication. 

The results of tensile strength measurements are given in Table 7. 
The same results are shown graphically in Figure 5, where the 
individual preservatives are shown, and in Figure 6, where the 
preservatives that behave similarly are presented in groups, such 
groups being the copper paints, copper oleates, and tars. 

TABLE 7.—Tenstle strength of cotton lines exposed in sea water at Beaufort, N. C. 

Number of months exposed. 

Unex- 
Symbol and treatment. posed. 1 2 3 4 5 | 6 

Tensile strength in pounds. 

A—White line, untreated control. .....................00-- 139.3 | 33.0} 5.3] 2.9] () (2) (2) 
F—Coal tar 50 per cent, benzol 50 per cent..............-.. 35.4 | 46.0 | 44.9 | 36.2 | 23.2] 18.0] (2) 
G—Pine tar 50 per cent, benzol 50 per cent...............-. 35.2 | 45.0 | 46.9 | 33.8] 11.9} 3.1] (2) 
H—Coal and pine tar, 25 per cent each, benzol 50 per cent..| 37.4 | 45.0 | 46.8 | 33.9 | 27.9 | 16.2] (2) 
I—Quercitron and potassium bichromate....... -...| 39.3 | 42.4] 19.6] 3.2] (2) (2) (2) 
J—Petroleum product NO/1....2....0.. 002d... 0b eed ook 39.0 | 40.0} 23.4] 8.7] (2) (2) () 
i—Dutch methods. se feat cso. scat wcaldece cetcccedhene 38.6 | 40.3 | 37.0 | 35.3 | 20.3) 8.3 4.9 
M—Copper oleate 7.5 per cent in gasoline..................- 34,2 | 36.2 | 36.6 | 28.6 | 16.6} 11.0 9.7 
N—Copper oleate 7.5 per cent in gasoline, 5 per cent oil, 

1100) CrOS ee ade he i teen cca tock ess 33.2 | 35.2 | 33.8 | 33.9 | 25.4 | 20.8] 12.0 
O—Copper oleate 12.5 per cent in gasoline................-. 33.6 | 36.6 | 40.3 | 30.0 | 21.3 | 25.1 8.8 
P—Copper oleate 124 per cent in gasoline, 2 per cent oil....} 36.3 | 37.2 | 39.0 | 37.0 | 29.7] 19.5] 16.9 
Q—Copper paint No. 1, 50 per cent creosote oil............. 41.5 | 42.0 | 42.4 | 40.8 | 41.0] 33.0{ 18.9 
E—CODDCH Paine iO: wove ssn cccemeen ap enecthiscancdatpelas . 42.7 | 48.0 | 50.0 | 49.5 | 47.0 | 40.0] 38.3 
S—Gilsonite ee eeee isa se es ote cones eee abe eb 35.5 | 28.2 | 14.5] 8.5] 3.9] (2) (2) 
<—Petroleum producy No#2.. 3... 22h 20.- oc deck ete we 32.9 | 34.0} 5.7] (2) (2) (2) (2) 

1 Average of 60 breaks; every other figure in this table is the average of 15 breaks. 
2Sample was disintegrated and gone. 

Upon exposure the lines Q and R, preserved with copper paint, 
are easily in the lead, as far as preservation of tensile strength is 
concerned. At the end of six months’ exposure lines preserved by 
them are nearly as strong as the original untreated line, though a 
weakening begins to appear in three or four months. Next to 
those preserved with copper paint, in the diminishing order of tensile 
strength at the end of six months’ exposure, come those treated 
with the copper oleates, the Dutch method, and the tars. Of these 
the tarred lines, F, G, and H, made an excellent showing for two 
months (that is, as long as creosote was present), after which a very 
rapid deterioration occurred. The establishment on them of a 
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heavy growth of ascidians or sea squirts broke the lines and carried 
them away. The Dutch method followed the tars closely, being 
not quite so good at first, but better at the finish. The lines treated 
with copper oleate, M, N, O, and P, showed at the beginning the 
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Fig. 5.—Tensile strength of cotton lines exposed in sea water at Beaufort, N. C. 
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usual weakening due to lubrication, but upon exposure lost strength 
less rapidly than those preserved by either the Dutch method or 
tar; in fact, were second only to those treated with the copper paint 
at the end of six months. 
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The other preservatives exposed at Beaufort showed no preserv- 
ing effect worth considering. ‘These were quercitron and potassium 
bichromate, I; petroleum products, Nos. 1 and 2, J and X; and 
gilsonite, S. These materials and methods may be definitely climi- 
nated by this experiment, since they do not preserve. 
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Fic. 6.—Tensile strength of cotton lines satel sed in sea water at Beaufort, N. C., 
groupe 

The results of these experiments show also that lines suffer deteri- 
oration much more rapidly at Beaufort than at Key West. This 
applies equally to untreated lines and to those treated with pre- 
servatives. 

FLEXIBILITY. 

If preservation of tensile strength on exposure were a sure and 
sufficient criterion, it would now be proper to pronounce copper 
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paint the best preservative, copper oleate next, then the Dutch 
method, and finally the tars. Tensile strength, however important 
it is, is not the only consideration—indeed, in many cases is not 
the most important consideration. 

Flexibility is a factor of great importance in many kinds of fishing 
textiles. In gill nets a stiff or wiry line will cause the approaching 
fish to react on coming in contact with the net and to turn and leave, 
whereas a soft line yields and the fish becomes gilled in his effort to 
get through. It is also said that a school of fish when surrounded 
by a purse seine will, upon striking a soft net, continue to exert 
themselves against it, forcing it outward while the net is being 
pursed from below. In this manner the entire school is captured; 
but if the net is stiff and wiry, experienced fishermen say, the fish will 
react and “sound,” or dive, before the seine can be pursed, and 
thus escape. The factor of flexibility of netting has long been 
recognized in a qualitative way; but, so far as the writers are aware, 

@ 

Fic. 7.—Equipment used for testing the flexibility of lines. 

no effort has ever been made to measure it quantitatively. The 
writers have devised a simple method of measuring quantitatively 
the flexibility of limes treated with various preservatives, and by 
that means have obtained some highly interesting figures for the 
several materials studied. 

Method of measuring flexibility —The method consists, essentially, 
of measuring the energy dissipated (or converted into heat) im bend- 
ing a sample of the line through a definite angle. For this purpose 
advantage was taken of the well-known laws of the pendulum. ‘The 
apparatus consists of a pair of simple wooden jaws, 6, Figure 7, 
supported from a horizontal support rod not shown in the figure. 
A block, g, serves as a base, and is cut out as an arc of a circle with 
the jaws, 6, as a center, so arranged that a sample of twine gripped 
in the jaws will just fail to reach when the plummet, c, is attached 
and swings freely. The plummet, c, is made of brass and is so con- 
structed that the twine can be gripped straight and true at the center. 

The sample of line, a, is gripped in the jaws and the plummet 
attached at the lower end. The plummet is displaced from the 
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Fic. 9.—Machine used for making wearing tests. 
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vertical pesition over ¢, to a convenient point, d; that is, so that the 
pendulum when released will swing "eee an angle. As the 
pendulum swings it bends the twine back and forth. The bending 
of the twine is work and causes the energy originally imparted to 
the plummet to diminish; that is, the oscillations of the pendulum 
are of diminishing amplitude. Presently the pendulum will be 
swinging only to some selected point, f, as its highest point. If the 
oscillations foes the start are counted until the pendulum swings 
only to point f, the number will be a measure of the energy that has 
been transformed in bending the line—the more flexible the sample 
the greater the number of oscillations necessary to reduce the ampli- 
tude to the predetermined angle. 

For the present work the following arbitrary standards were 
adopted as convenient and easily measured: Distance from jaws 
to arc base, 30 cm.; weight of plummet 50 g.; angle of first oscilla- 
tion, one radian (57.2958°, or 
57°17'45”) or 15 cm. of arc from 
the vertical position to the start- 
ing point, d; angle of last oscilla- 
tion one-half radian (28.6479° or 
28°38'52.5”). All the data on 
flexibility in this paper are ob- 
tained on these standards. They 
are convenient and satisfactory, 
though there are some grounds 
for considering a smaller angle 
of oscillation as a possible im- 
provement. The instrument 
used in our tests is shown in 
Figure 8. In the present work 
the results have been expressed 
by the number of oscillations 
necessary to reduce the ampli- 
tude by the amount chosen, one-half radian. The actual amount of 
energy may be calculated in the following way: 
When the 50-gram plummet is elevated from C to G, Figure 10, it re- 

ceives energy in ergs, equal to its elevation, AC, times its mass, in 
grams, times the force of gravitation. When its amplitude has been 
reduced so that it rises only to D on its upward swing, it possesses 
energy expressed in the same way, only with the lesser elevation, BC; 
that is, the number of ergs of energy that have disappeared in bend- 
ing the twine is equal to the difference in elevation times mass, times 
gravitation, or, 

Fig. 10. 

Energy consumed = (OB —OA) x 50 x 980 

to determine 0B—OA we determine OB as r cos y where 7 is the 
radius of the circle and y is one-fourth radian, or 14.3239° = 29.07 and 
OA as r cos x, where z is one-half radian, or 28.6479° = 26.33. The 
difference here is therefore 29.07 — 26.33 = 2.74 cm. and theenergy that 
has disappeared is 2.74 x50980=134,260 ergs. This quantity, 
being always the same for the different samples as long as we main- 
tain the same standards, we have but to divide it by the number of 
oscillations to find the average amount of energy transformed in bend- 
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ing any particular sample one time through the average amplitude, 
three-fourths radian, or 42.97°. Of course, since each oscillation 
is of different amplitude, the amount of energy that is transformed 
with each oscillation is aecorrney smaller than that for the preced- 
ng, but for practical purposes only the average would be necessary. 

t may be objected that the friction of the air is considerable and 
variable. Efforts were made to determine this source of error, but it 
was found impracticable to do this precisely, because the angle chosen 
was too large for the swinging of a frictionless (agate knife-edges) 
bearing. For this reason a smaller working angle might be better as 
permitting an accurate determination of the air-friction error. In 
any case this error is small and practically constant, so that it is not 
corrected in this paper. 
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Fic. 11.—Flexibility of cotton lines exposed in sea water at Beaufort, N. C. 

Two other sources of error in this test require attention. One is a 
variation in the flexibility at various places on the sample, the other is 
a change in flexibility caused by the action of heat, generated by bend- 
ing, on the viscosity of the preservative. The method of making the 
test takes these two factors into account. Ten pieces, each about 32 
cm. long, were cut from the sample to be tested. One was placed in 
the jaws of the tester and the number of oscillations counted in the 
manner described. This test was repeated 10 times at the one place 
on each test piece, 100 tests being made on each sample. Ifheating is 
considerable the successive tests at the same place will show increasing 
flexibility with preservatives that are subject to variation in flexibility 
with temperature. Progressive increase in flexibility on repeated 
bending was found in lines treated with tar, petroleum product No. 1, 
ilsonite, copper oleate, slight increase in quercitron and potassium 

iiesinevan tar the Dutch filo hier petroleum product No. 2, and copper 
paint No. 2, and no increase at all in copper paint No. 1 and untreated 
white line. 
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Results of fexibility tests.—The samples included in the Beaufort 
series were all tested for flexibility (1) immediately after treatment, 
and (2) after each month of exposure in the water. In Table 8 and 
in Figure 11 the results of these tests are given; in Figure 12 the same 
results are shown by groups of preservatives that had a similar effect 
on flexibility. 
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Fig. 12.— Flexibility of cotton lines exposed in sea water at Beaufort, N. C., grouped. 

TABLE 8.—Fleribility of lines exposed to ocean water at Beaufort, N. C3! 

Number of months exposed. 

Unex- 
posed. 

Symbol and treatment. 

A—White line, untreated control: - ...22.-.-dacccsec-scecee 41.3 | 70.6 | 62.7 | 43.8} (2) (2) (?) 
¥—Coal tar 50 per cent, benzol 50 per cent............-.--- 25.0 | 19.3 | 18.9 | 16.6 18, £3 
G—Pine tar 50 per cent, benzol 50 per cent... .<..---<sc00s. 29.9 | 15.0 | 14.8 | 18.1 | 27.4 | 34.2] @ 
H—Pine tar 25 per cent, coal tar 25 per cent, benzol 50 per 

ew aese seas ie bee wee ben iee omiennacanskicmcens 24.2 | 18.0 | 14.8 | 16.6 | 16.5 | 19.2 | (?) 
I—Quercitron and nolessii bichromate: 5_.+7...-6:-4.-.<. 45.1 | 44,8 | 35.9 | 37.0 o Gon) 
J—Petroleum product No. 1.22. ........ 22. e eee eee ween eee 29.0 | 18.2 | 181] 182] @ (Oey la(Cy 
L—Duteh method tox op oe pastes od eatartic eta gae « a cgiiaade cue 44.9 | 44.3 | 45.5 | 33.8 | 33.6 | 41.7] 40.5 
M—Copper oleate 73 per cent in gasoline.................-- 60.5 | 74.3 | 71.8 | 56.6 4 | 46.7 | 49.7 
N—Copper oleate 12 per cent in gasoline, 5 per cent oil, 

A —ROOUKCTESON 2. sp ee ee a on ane 59.1 | 61.4 | 63.9 | 68.4 | 70.1 | 62.8 | 65.4 
O—Copper oleate 124 per cent in gasoline. ................. 50.2 | 60.9 | 56.8 | 53.0 | 45.9 | 58.4] 57.3 
P—Copper oleate 124 per cent in gasoline, 2 percent oil......| 49.6 | 64.3 | 57.5 | 55.5 | 64.7 | 35.3 | 64.4 
Q—Copper paint No. 1 31.1 | 39.3 | 29.3 | 31.0 | 39.6 | 28.2] 346 
R—Copper paint No. 2 29.4 | 14.6 | 26.4 | 33.9 | 23.6 | 23.3] 346 
BR AIBOUUG So os Sse ash ob gedaan selene 36.5 | 21.1 | 17.2 | 18.0 | 21.3] (7) (2) 
X—Petroleum product No. 1 34.3 | 18.9} 23.5] (%) (*) () (?) 

1 Every figure in this table is the average of 100 tests. 
2 Sample was disintegrated and gone. 

The most flexible lines after treatment are those treated with 
copper oleate, M, N, O, and P, which make around 60 oscillations; 
those treated by the tanning methods—that i is, quercitron and potas- 
sium bichromate, I, and the Dutch method, WEA next in flexi- 
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ae with about 40 oscillations; copper paint, which made such a 
good showing in the tensile-strength tests, is here at a great disad- 
vantage, the lines being stiff or wiry and making only abopnt 30 
oscillations under the conditions described; finally, the tars, petro- 
leum products, and gilsonite cause the greatest stiffening, the lines 
treated with them making only about 20 oscillations. 

According to these tests, if we express the flexibility of tarred 
lines as 1, then the other preservatives have approximately the fol- 
lowing flexibility values: 

Petroleum product.......--- A 
Gilsonife.-}. 44 ote tse os i 
Copper paints4-- 2-2. -.s-- <4 14 
Tanning methods......-.-..- 2 
Copper oleate... 22. s2522- 2-2. 3 

RESISTANCE TO MECHANICAL WEAR OR ABRASION (WEARING QUALITY). 

In experiments so far presented and discussed, the undesirable 
changes in the lines were brought about during exposure principally 

Fic. 13.—Apparatus used for testing the wearing quality of lines. 

by decomposition or weakening of the lines, presumably by chemical 
or biological agencies. These agencies are, perhaps, not always the 
greatest enemy of lines. It has been shown that in air and exposed 
to the weather cotton lines do not undergo rapid deterioration. 
Many types of nets are actually in the water only a small part of the 
time. They are handled much, however, are dragged over the gun- 
wales of boats and across decks and wharves, and the lines rub against 
themselves during such handling. No doubt this factor of mechan- 
ical wear or abrasion is highly important in such gear as purse seines, 
haul or drag seines, and trawls. It is to be expected, also; that the 
preseav alana used will have an important bearing on this factor. 
ike flexibility, it has often been recognized qualitatively as a factor, 

but has never been given quantitative measurement or expression. 
In the present work the attempt was made to measure the wearing 
quality of the lines treated. 
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Method of measuring wearing quality.—The principle of the method 
is the obvious one, which consists of drawing or “‘sawing’’ the lines 
across some wearing or abrading edge under a constant pull and meas- 
uring the number of strokes required to wear it out. In practice, 
however, this proved to be difficult of application. Close-grained 
wood was tried first, but the results were not at all consistent or even 
similar for similar samples. It was found that the edge wore sleek 
at a very inconstant rate. With iron, steel, hard rubber, and even 
glass the same difficulties were encountered. The most satisfactory 
results were obtained by causing the sample to saw against itself at 
a rather acute angle and under pull of a definite weight. 

The construction and operation of the machine for making this 
test is shown diagrammatically in Figure 13. To an eccentric, a, are 
fastened the lines to be tested, b and b’, which are passed over the 
rollers, h and h’, and fastened at ¢ and c’. Other pieces of the same 
line, d and d’, are made fast at e and e’, and run through the slack 
part of b and b’, at if and f’. The samples so attached form angles 
cfh and efg, etce., of about 13°. Weights of 1 kg. (g and g’) are 
attached to the free ends of the lower piece of line. The eccentric a 
is revolved by a motor, imparting a reciprocating motion to the sam- 
ples b and 6’, which causes them to saw across similar samples, d and 
d’. The samples thus wear out and the weights drop to the floor. 
The number of strokes necessary to wear each sample down to a 
breaking strength of 1 kg. is taken as a measure of the wearing quality. 
The machine was made so as to run 10 samples at a time, five on each 
side of the table, and a mechanical revolution counter was used to 
assist in keeping count. In Figure 9 (p. 21), the machine used is 
shown with all samples in, ready to start. 

TABLE 9.—Wearing quality of cotton lines exposed in sea water at Beaufort, N. C. 

Number of months exposed. 
Unex- 
posed. 

Symbol and treatment. 1 2 3 4 | 5 6 

Number of strokes. 

A— White line, untreated control. ......................-.- 1399.0] 56.8] (2) (*) (*) (2) (2) 
F—Coal tar 50 per cent, benzol 50 per cent..............-.- 189. 4 |172.4 | 94.5 |103.9 | 34.4] 14.9] (2) 
G—Pine tar 50 per cent, benzol 50 per cent..............-.- 159.7 141.4 | 97.8 | 75.1) 5.7) (2) () 
H—Pine tar and coal tar 25 per cent each, benzol 50 per cent..! 168.5 |171.6 |107.2 | 92.6 | 43.6] 9.8] (2) 
I—Quercitron and potassium bichromate...............--.. 50.9 | 45.1} (2) (*) (*) (?) (?) 
J PCLT OlI DEOdUCL INGOs oece esses aceon cones ooescetcee 281.3 {124.2 | 17. (?) (2) (2) (?) 
—Pntch method ous seen ob Soka see ates Samos onie ued 46.6 | 84.6 | 79.6] 91.0} 8&8] 0 0 
M—Copper oleate 7} per centin gasoline. ................ ---| 118.4 /167.4 |141.2 /129.2 |} 12.8] 81] 6.1 
N—Copper oleate 12} per cent in gasoline, oil 5 per cent. 

CECSONI=1000 © 5 - oa cae tape ee oc coe teen sc ae me oaeic cee 127.5 |157.3 {117.0 |150.9 | 79.4 | 42.8] 22.8 
O—Copper oleate 124 per cent in gasoline...........- -| 191.1 |191.9 |143.6 |123.3 | 40.4 | 48.1 5.1 
P—Copper oleate 12} per cent in gasoline, 2 per cent oi -| 141.7 /228.8 |157.4 |182.4 {122.0 | 13.2] 41.5 
Q—Copper paint No.1 plus 50 per cent creosote oil... . 23.0 | 57.4 | 43.6 | 58.7 | 56.7 | 34.2] 11.6 
RWapper paint Now. 2353. sg ses. SE sk --| 89.0] 30.8] 17.0] 17.9 | 12.5] 14.1] 140 
oS DS rt. Eke ee ed De Se as Bee ee a ee 280.0 |207.4 | 24.4] (2) (2) (2) (2) 
X—Petrolema product NohDeey7 WY like bee 132.0) 31.8] 1.8] (2) () (2) (2) 

1 Average of 100 tests; every other figurein this tableis the average of 50 tests. 
2 Line was disintegrated and gone. 

Results of wearing tests.—This method of making the mechanical 
wearing tests on the various samples exposed and tested, though 
good enough for use and having already given some valuable data, 
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is still not all that one could wish. It is an extremely severe test, 
and no line that is seriously impaired in strength by exposure 
endures more than a few strokes. Linen line will “not endure more 
than half a dozen strokes. The results it gives are influenced con- 
siderably by tensile strength, though other factors also enter. Be- 
cause of a rather wide variation 50 tests (five sets on the machine) 
were made on each sample, and the figures here given are the averages, 
respectively, of 50 tests. The lines were dry. when tested. These 
results, which are somewhat surprising, are shown in Table 9 and 
graphically i in Figures 14 and 15. 
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Fic. 14.—Wearing quality of cotton lines exposed in sea water at Beaufort, N.C. 

Among the points worthy of note are the following: Of the fresh 
unexposed lines the untreated line, A, wore best of all. Any pre- 
servative tried immediately diminished the wearing ability in the 
following increasing order: The petroleum product. No. 1, J, and 
gilsonite, S, reduced the wearing quality least; the three tars, BG, 
and H, reduced it more; the copper oleates, M, N, O, and P (O show- 
ing an ’ apparently anomalous wearing que ality), reduced it yet more; 
and fin: ally a group very low in wearing ability, consisting of all the 
others, namely, the Gopper paints, Q and R, quercitron and potassium 
bichromate, I, and the Dutch method, L, reduced it most of all. It 



FISH-NET PRESERVATIVES, 7 

should be noted that the tarry preservatives, or others having a 
protective body, do have the property attributed to them of protect- 
ing against chafing or wearing. 
Upon exposure, however, the relative wearing abilities rapidly 

change. The untreated line, A, and lines treated by the petroleum 
products J and X, gilsonite, S, and quercitron and potassium bichro- 
mate, I, all rapidly lose wearing quality so that in two months it is 
practically zero. Lines treated with the copper paints, Q and R, 
never have much wearing ability, even when freshly treated. Yet, 
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Tia. 15.—Wearing quality of cotton lines paperedt n sea water at Beaufort, N.C., 
grouped. 

because decomposition of the line is so well prevented and tensile 
strength so well preserved, such wearing quality as they have persists 
well through the full six months. The tarred lines do fairly well but 
suffer a steady decline in wearing quality. Lines preserved with 
copper oleate lead all others after the first month. This material is 
waxy or soapy and seems to possess physical properties that enable 
a line treated by it to rub without giving up its fibers. The harsh- 
ness of copper paint and of the tanning extracts also is easily palpable 
and shows up clearly in the results. The conclusions from this test 
are plainly that (1) all preservatives studied cause an immediate 
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diminution of wearing quality as compared with new white line in the 
dry condition, (2) copper paints, which give such good results with 
tensile strength tests, are very poor in their resistance to mechanical 
wear, and (3) copper oleate leads all the preservatives in mechanical 
wearing ability upon exposure. 

It is obvious that this factor is highly important in the selection of 
a proper preservative. The test described may or may not simulate 
closely the wear that nets receive while in use. Nevertheless, it is 
mechanical wear and brings out marked and unexpected differences 
in the several preservatives. It is therefore believed to be of value 
as a test. 

RESISTANCE TO FOULING BY. MARINE GROWTHS. 

When nets remain in water for a long time, as pound nets, traps, 
etc., must, they are subject to fouling by growths by barnacles, 
hydroids, ascidians, alge, etc. These organisms are objectionable 
for several reasons: Barnacles injure the fisherman’s hands and make 
handling the net difficult; fouling growths cause the nets to resist 
current and tides, which accordingly causes greater strains on the 
nets. The weight of the fouling may many times over exceed the 
weight of the net and therefore greatly increase the strain on it. 
It is a desirable characteristic of net preservatives that they prevent 
the accumulation of these growths. 

At Key West, Fla., no noticeable fouling appeared on any of the 
lines. At Beaufort, N. C., however, fouling proved to be an important 
consideration. Figures 16, 17, 18, and 19 show the samples of cotton 
and linen lines that were returned from Beaufort at the end of four 
months before they were subjected to tests. The key to these is as 
follows: All of these samples were prepared at the same time, were 
placed in the water at the same time and place, and were taken up 
at the end of four months, with the exception of X, which was in the 
water only one month. 

Symbol and treatment. Condition after four months in water. 

A—White line; no treatment..-.. Disintegrated and gone. 
iH —Goall ftar.!. cn}. cin oche aw ee Fouled with hydroids and barnacles. 
G—Pineriarss 2 2) os eee «ka Do. 
H—Pine and coal tar..0227- Sones Do 
I—Quercitron and potassium bi- Covered with dense matting of hydroids. 

chromate. 
J—Petroleum product No. 1......- Do. 
L—Dutch method ...........0..0% Few hydroids; nearly clean. 
M, N, O, P—Copper oleate ....... Subseuually clean; very few barnacles; no 

ydroids. 
Q, R—Copper paints... .5-<--+-4 Perfectly clean; no growths. 
SS Grsontte «0 240-66 5--oocheeeen Fouled with hydroids and barnacles. 
X—Petroleum product No. 2....-- Fouled, less than petroleum product No. 1. 

This sample had been in water only one 
month. 

U—Copper oleate ....-...---.---- Slightly fouled; some hydroids; no barnacles. 
W—Dutch method ..............-. Do. 

All the lines that resisted all fouling growths contained copper; 
that is, those treated with the copper paints, Q and R, and the four 
copper oleates, M, N,O, and P. The Dutch method, L, containing a 
very small quantity of copper, was fouled only slightly. All the 
others that contained no copper fouled to an objectionable degree, 
especially quercitron and potassium bichromate, I, and the petroleum 

a a 
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Fic. 16.—Cotton lines exposed 

No xposed in sea water at Beaufort, N. C., for four months. 
All had been treated with copper oleate. fouling. 

Cotton lines e Fig. 17. 
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Fig. 18.—Cotton lines exposed in sea water at Beaufort, N.C. X, petroleum product No. 2, 
exposed one month; all the rest exposed four months. S, gilsonite; H, pine and coal tar; 
G, pine tar; L, Dutch method. All were somewhat fouled. 

Fic. 19.—Three cotton and two linen lines exposed in sea water at Beaufort, N. C., for four 
months. F, coal tar on cotton, heavily fouled; Q, copper paint No. 1 on cotton and R, 
copper paint No. 2 on cotton, no fouling; U, copper oleate on linen and W, Dutch method 
on linen, both somewhat fouled. 
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Pe J, lines treated with which are almost entirely covered with 
ydroids. ‘The tarred lines are also heavily fouled. In the next 

two months after these samples were taken up the tarred samples 
were so heavily fouled with ascidians that they broke and were 
carried away. The lines treated by quercitron and _ potassium 
bichromate, I, petroleum products Nos. 1 and 2, J and X, and gil- 
sonite, S, also failed to be returned. 

Here, again, copper oleate shows to advantage, though no better 
with respect to prevention of fouling than copper paint. The petro- 
leum products, gilsonite, quercitron and potassium bichromate, and 
the tars seem to produce an agreeable anchorage for these organisms, 
and this fact must be held seriously against them as net preserva- 
tives. 

TESTS WITH LINEN LINES. 

MATERIALS TESTED. 

In this series of experiments samples of linen lines were included. 
The linen selected was 10-ply 40 “Irish flax salmon thread,” loose- 
laid, such as is used in gill netting 
for salmon on the Pacific coast. 
The tensile strength of the un- 
treated, unexposed line is 55.2 
pounds, somewhat greater than that 
of No. 24 cotton twine. Although 
its tensile strength is greater than 
cotton, it is a characteristic of this 
linen line that it fails completely 
to resist mechanical wear on the 
testing machines, even the new un- 
treated line falling in two in only 
ahalf dozen strokes. The exposed 60.120 180 
samples usually broke on the first DAYS EXPOSED 
stroke, so that it was useless to _ Nee 
apply this test. This weakness is “'%”-~ iin waerst Beau NO 
apparently due, at least in part, to 
the fact that the component strands of the line are not twisted to- 
gether, but each acts separately. When the lines “saw” together, 
each individual strand is exposed; under such circumstances the life 
of the whole line is only equal to the life of one strand. 

It would be useless to test for linen thread the preservatives that 
cause stiffness, such as tar, copper paint, and gilsonite. The preser- 
vatives and preservative methods physically suitable for gill nets and 
available at the beginning of these Beaufort experiments were three, 
quercitron and potassium bichromate, V (when applied to linen this 
symbol was given), Dutch method, W, copper oleate, U, the un- 
treated linen, T, being the control. The samples were exposed at 
Beaufort 180 days, samples being returned each two months. The ex- 
posure began February 15 and continued to August 15, 1922. 

TENSILE STRENGTH IN POUNDS 

TENSILE STRENGTH, 

The results of the measurements of tensile strength of these samples 
are given in Table 10 and are shown graphically in Figure 20. 
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TasBLe 10.—Tensile strength of linen lines exposed to sea water at Beaufort, N. C. 

Number of maeirtles 
Unex- exposed. 

posed. 
Symbol and treatment. 2 | 4 | 6 

Tensile strength in pounds. 

T—Untreated.controliet occ. ceceence onan: Choe nee Ree vee scene ee esenee 1 ae 4,2 (2) 
U—Copper oleate solution 12% es cent in gasoline, 5 per cent oil..-.-...} 41.3 33.9 18.9 (2) 
V—Quercitron and potassium bichromate...................----------- 49.5 3.2 (2) (2) 
IW—BP) atch "met nodeaiese ee Sera oe oe oats Nase See elastin: is Se uaa Seager 43. 0 34.3 7.8 

1 Average of 50 breaks; every other figure in this table is the average of 15 breaks. 
2 Line was disintegrated and gone. 

The conclusions from these tests are obvious: Linen lines, with or 
without preservatives, disintegrate more rapidly than cotton lines 
under the same conditions in salt water at Beaufort, all four samples 
having disappeared before the term of six months expired. Only 
the two samples that contained copper—that is, copper oleate, U, 
and the Dutch method, W—lasted four months, the one preserved by 
the Dutch method being then all but totally rotten. At the end 
of two months the lines treated by either the copper oleate or Dutch 
method are still serviceable, but the leading score in this experiment 
easily belongs to copper oleate. 

The principal method of preserving these linen lines on the Pacific 
coast is barking—that is, treating with the hot extract of oak bark— 
which treatment is not followed by a mordant. Even when mor- 
danted, as in quercitron and potassium bichromate, it is plain that no 
good results are obtained by the use of bark, unless possibly the peri- 
odical treatment with the infusion merely washes and sterilizes the 
net for the time being. When bark is mordanted with ammoniacal 
copper sulphate (Dutch method), considerable good is done; but this 
method is much more laborious and time-consuming than the appli- 
cation of copper oleate and not so effective. Washing the nets in 
bluestone (copper sulphate) solution, as done on the Pacific coast, 
may serve to keep the lines clean, but because of its solubility blue- 
stone can not be a permanent preservative. The regular use of copper 
oleate in the salmon gill-net fishery should effect a marked saving 
in nets. 

SUMMARY OF RESULTS OF BEAUFORT EXPERIMENTS. 

1. The materials and preservative methods studied at Beaufort 
were: For cotton lines, copper oleate in four variations, coal tar, pine 
tar, coal tar and pine tar mixed, quercitron and potassium bichro- 
mate, petroleum products Nos. 1 and 2, Dutch method, copper paints, 
Nos. 1 and 2, slack gilsonite; for linen lines, quercitron and potassium 
bichromate, Dutch method, and copper oleate, 124 per cent solution. 

2. In the preservation of tensile strength of cotton lines the copper 
paints, which contain heavy concentrations of copper, excelled. Cop- 
per oleate, in the concentrations tried, which were much less than 
those of copper paint, was next in order of superiority; the Dutch 
method, also containing copper, was third; the tars were fourth; all 
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the other preservatives failed to bring their respective lines through 
six months’ exposure. 

3. The effects of sea water at Beaufort were more severe than 
those at Key West, Fla., though temperatures at Beaufort were 
somewhat lower than those at Key West. 

4, A method of and device for determining the flexibility of lines 
and changes therein brought about by the application of preserva- 
tives were devised, tested, and used. A description and discussion of 
this method and device are given (p. 20). ; 

5. In diminishing the flexibility of the cotton lines the tars, pe- 
troleum residues, and gilsonite had the greatest effect, the copper 
paints had a large effect, the tanning methods caused some stiffen- 
ng, — copper oleate had less effect than any other preservative 
studied. 

6. A machine for determining the ability of lines to endure mechan- 
ical wear or abrasion was devised, tested, and used. A description 
and discussion of this device are given (p. 25). 

7. In wearing ability the copper paints, which made such a good 
showing in preserving tensile strength, were at a great disadvantage. 
The lines treated with these and those treated with quercitron and 
potassium bichromate wore very poorly; those treated by the Dutch 
method wore rather better than those treated with copper paints or 
by quercitron and potassium bichromate; those treated with tar re- 
sisted mechanical abrasion well at first, but this quality was lost on 
exposure along with the disappearing tensile strength. The copper 
oleates, when applied as preservatives, enabled the lines to resist 
mechanical abrasion better than any of the preservatives. 

8. All lines, except those treated with copper paint or copper oleate, 
were fouled by marine growths in four months at Beaufort. The 
lines treated by the Dutch method, which also contained copper, 
were slightly fouled. The lines treated by quercitron and potassium 
bichromate and those treated with a petroleum product were very 
heavily fouled. Copper oleate and copper paint effectually prevent 
fouling. 

9. Oi the linen lines only those treated with copper oleate or by the 
Dutch method endured four months’ exposure at Beaufort. Of these 
two copper oleate was more efficacious and much easier to apply. 

10. Linen lines deteriorated in sea water at Beaufort more rapidly 
than cotton lines, whether preserved or not. 

SERIES EXPOSED IN SEA WATER AT WOODS: HOLE, MASS. 

_ Beginning June 9 and extending to December 9, 1922, a period of 
six months, a series of lines preserved with various materials was 
exposed in sea water at Woods Hole, Mass. 

WATER CONDITIONS AT WOODS HOLE. 

The water conditions at Woods Hole were different from those at 
either Key West or Beaufort, being cooler. The temperature and 
specific gravities that prevailed at Woods Hole during the period of 
test are shown in Table 11. The samples were suspended under the 
dock at the station of the U. S. Bureau of Fisheries Biological Labor- 
atory. The water is full sea water, and the samples were subjected 
to the regular ebb and flow of the tide. 

36199°—23——3 
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TABLE 11.—Water conditions at Woods Hole, Mass. 

Temperature. Specifie gravity. 

Year and month. 

Maximum. | Minimum. |} Average. |Maximum.| Minimum.) Average. 

1922. bs S| i GY e 
DUA eet ee Eee ae ariee 66 | 18.8 1. 024 1. 023 1. 023 
Juyss ero ed Pets SPS SSE § 69 | 20.5 1. 024 1. 023 1. 023 
PAUIPTISUts a acs Ucis scacemeesae sneer 71 | 21.6 1.024 1. 023 1. 023 
MepleMlbere.. 2c sce eceeseepectee 68 | 20.0 1. 023 1. 022 1.022 
Oetobermtas:. eth ba eteever F275 64 | 17.7 1. 025 1. 023 1. 023 
November: a.i6 seen dss ae cokes ae 51 | 10.5 1. 025 1. 024 1, 024 
December. 2455) 28 te 42] 6.0 1. 025 1.025 1.025 

TESTS WITH COTTON LINES. 

MATERIALS TESTED. 

The lines tested in this series were the same as in the preceding 
experiments, No. 24 cable-laid hard-flnish cotton twine. 

Poles va ie 

> > 

TENSILE STRENGTH IN POUNDS 

= a8 
S50 (otek NUMBER OF MONTHS EXPOSED 
Fs == 

Fig, 21.—Tensile strength of cotton lines exposed in sea water at Woods Hole, Mass. 

The preservatives and preservative methods tested were the Dutch 
method, Li; copper paints Nos. | and 2, Q and R; petroleum product 
No. 2, X; copper cleate followed by coal tar diluted with benzol,Y; 
and copper oleate mixed with coal tar and the whole diluted with 
benzol, Z; copper oleate in 15 per cent solution in gasoline, AA; and 
the untreated line A, as control. The lines were measured and 
weighed, as before described (p. 9), treated, and again measured 
ee weighed. The shrinkage and increase in weight will be considered 
ater. 

TENSILE STRENGTH. 

Table 12 gives the results of tensile Sineneee measurements on the 
unexposed and exposed cotton lines of the Woods Hole series. These 
results are shown graphically in Figure 21 

ee 
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TaBLE 12.—Tensile strength of cotton lines exposed in sea water at Woods Hole, Mass. 

Number of months exposed. 

Symbol and treatment. a) 2 3 4 s| 6 

Tensile strength in pounds. 

At—Unireated white lines... 9. 2s eaced- -sncp cece e deme s 139.3 | 39.0} 20.1) 8.0] (2) (2) (2) 
by S=LD ENT RO 6 ee ee Oa ee i an ne Season eE SES 38.6 | 38.0 | 37.0 | 34.0 | 26.1 | 23.0] 24.7 
Q—Copper|paintiNo- depose tress vse. -t.-- - be aot 41.5 | 42.0 | 40.0 | 40.0 | 40.6 | 37.0] 40.8 
He—COpPPer PAIN O. is. « eae doc ocean = onisce cee ne 42.7 | 42.0 | 45.0 | 45.0 | 37.5] 39.0] 49.6 
X—Petroleum product No: 2. ii... 22h 22-2 eek 32.9 | 45.0 | 23.0] 15.0] (2) (2) (2) 
Y—Copper oleate 15 per cent, benzol 35 per cent, coal tar 50 

WGP CONG = ee ewe ce oc coc wee cnceecceeactaneccss 35.0 | 43.0 | 42.0 | 47.0 | 42.6 46.5 
Z—Copper oleate followed by coal tar ..........-...---..-. 36.0 | 38.0 | 39.0 | 48.0 | 40.0 | 50.0] 43.6 
AA—Copper oleate, alone, 15 per cent gasoline............. 38.0 | 42.0 | 37.0 | 37.0 | 26.0 31.0 

1 Average of 60 breaks; every other figure in this table is the average of 15 breaks. 
2 Line was disintegrated and gone. 

The lines treated with petroleum product No. 2, designated X, 
is scarcely better than the untreated line, A. This result is in keeping 
with the result obtained with the same preservative at Beaufort. 
The copper oleate, AA, employed in this case, is strikingly similar 
to the Dutch method, L, both of which show good preservation, 
though, as before, these preservatives do not add anything to the 
strength of the lines by a sticky effect on the fibers. When allow- 
ance is made for this effect in the lines treated with copper paint 
or the combinations of copper oleate and tar (Q, R, Y, and Z), 
strikingly similar preservation effect is noticed. As might be 
expected, the lines treated with copper oleate and tar behave very 
much like those treated with copper paint, since the mixture of copper 
oleate and tar is very similar to copper paint in composition. Hach 
consists of a form of copper incorporated in a binder—the paints 
containing copper oxide, the tar mixture containing copper oleate. 
It should be noticed here, however, that the tar mixtures contain 
very much less copper than the copper paints and should accordingly 
be cheaper, though they preserve fully as well. 

Between the two combinations of tar and copper oleate—that is, 
the separate application of the copper oleate and tar in the one case 
and the mixture of the two for application in the other—there is 
little difference. The combination can be easily and simply applied, 
since both the copper oleate and tar are soluble in benzol and may 
be applied cold. ebtiaps the separate application of tar and copper 
oleate is slightly better, though the extra time and labor required to 
make the two applications would probably more than make up the 
difference. On the other hand, the separate application may be 
employed without the use of benzol by using a gasoline solution of 
copper oleate and following with tar in the usual way by the hot 
process. 

These combinations of copper oleate and tar furnish a new possi- 
bility where nets are =xpose to the most extreme conditions for long 
periods. Straight copper oleate is toxic and preserves to a high 
degree, but contains nothing in the way of a binder to hold it in the 
lines. When combined with tar it constitutes a permanent toxic 
ingredient that will stay in the lines over long periods, although 

dl 
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creosote, the natural toxic principle of fresh tar, escapes during a 
short term of exposure. 

It may further be noticed that the water at Woods Hole is not so 
severe in its effect on lines as that at Beaufort. The strength of the 
lines after the second month at Beaufort is similar to that of the 
Woods Hole lines after the fourth month. 

FLEXIBILITY. 

The samples used in this test were tested for flexibility by the 
pendulum method already described. The results of these tests are 
given in Table 13 and are shown graphically in Figure 22. 
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Fig. 22.—Flexibility of cotton lines exposed in sea water at Woods Hole, Mass. 

TABLE 13.—Flexibility of cotton lines exposed at Woods Hole, Mass. 

Number of months exposed. 

oO Symbol and treatment. 1 | 2 | 3 | 4 5 | 

Number of oscillations. 

A—Untreated white line control..................--------- 41.3 | 36.8 | 32.2 | 51.3] 61.2] (2) | (3) 
EDuteh method: Jeli. heir itns fae Iles Spee 44.9 | 33.8 | 33.6 | 44.4] 53.6 | 56.6] 59.3 
Q- Copper paint iNos is, isoc 2 heel e ems teks see 31.1 | 26.5 | 28.1 | 30.8 | 37.41 37.2} 41.5 
R—CoOpper pallt NOs sedse cok ee ee Let Sages Ne a oe 29.4 | 16.5] 19.5 | 27.5] 34.4] 35.6 | 35.6 
X—Petroleum:product No: 2. $2. Seas iT a 34.3 | 18.4 | 24.7 | 22.4] 30.5] (2) (2) 
Y—Copper oleate 15 per cent, benzol 35 per cent, coal tar 50 

POP CenLs. Jawa.” Fes hae See Rae. ed ee ee 27.0 | 30.5 | 27.7 | 28.8] 31.7] 55.3] 53.6 
Z—Copper oleate followed by coal tar................--.--- 35.3 | 30.0 | 39.0 | 31.9 | 47.8 | 38.4] 40.3 
AA—Copper oleate 15 per cent in gasoline................-- 43.1 | 46.4 | 51.0 | 56.9 | 68.9] 70.5] 70.0 

1Each figure in this table is the average of 100 tests. 
2 Line was disintegrated and gone. 

The general trend of the lines is at first toward a slight stiffening 
and later toward an increasing flexibility. The line AA, preserved 
with copper oleate, easily leads all the lines in flexibility, being more 

a 
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flexible than the untreated lines. The lines treated by the Dutch 
method were also sufficiently flexible. The copper paints, Q and R, 
tar and copper combinations, Y and Z, and petroleum product No. 2, 
designated by X, cause marked stiffening, all to about the same 
extent. Though the lines treated with petroleum product are, by a 
little, the stiffest, the copper paints also cause marked stiffening, and, 
upon comparison with the tar-copper-oleate combinations, show 
shght advantage in favor of the latter. Here, again, the copper 
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Fic. 23.—Wearing quality of cotton lines exposed in sea water at Woods Hole, Mass. 

paints and tar-copper-oleate combinations, being somewhat similar 
in composition, give similar results. None of these materials would 
be suitable where flexibility is desired, but they are otherwise ex- 
cellent preservatives. 

WEARING QUALITY. 

By the method already described, of sawing the lines against 
themselves (p. 25), the ability of the various lines exposed at Woods 
Hole to resist mechanical wear, was measured. The results are given 
in Table 14 and are shown graphically in Figure 23. 
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TABLE 14.—Wearing quality of cotton lines exposed to sea water, Woods Hole, Mass. 

Number of months exposed. 

Unex- 
posed. 

Symbol and treatment. 1 | 2 3 t 5 | 6 

Number of strokes. 

A-—Notitredted 2.324055. 25 oss stale - eee 2 5 eee 1399.0 | 80.9 | 37.0} 17.5 | (2) (?) (2) 
L—Dutchimethod esses rae eee eee 46.6 | 29.8 | 53.7 | 95.4 | 40.4 | 30.5} 23.9 
G=—Copper paint NOs bac bocce t cobs fice s ode eiccctee sash 23.0 | 51.3 | 36.4 | 47.4 | 43.9 | 36.1] 35.6 
R—Copperipaintt: NOj2:.2.2. eke se ae BEE Te Pe ey 89.0 | 15.6 | 17.4 | 19.4 | 15.6] 14.6] 14.8 
X—Poetroleum product No. 2..-b- ..8 -.cssenssdoewodeossebe 132.0 |104.0 | 67.1 | 29.6 | (?) (?) (?) 
Y—Copper oleate 15 per cent, benzol 35 per cent, coal tar 

50. per C@Nticnd cecede seas recent ewes besessee wedeewsseesscys 8.3 |297.6 |282.6 |269.4 |180. 4 {115.3 | 130.3 
Z—Copper oleate followed by coal tar......-. 228.1 |299.0 |250.3 |227.6 |127.3 |138.7 | 157.0 
AA—Copper oleate, 15 per cent in gasoline 1 [228.0 |155.6 |178.7 | 66.1 |101.7 | 99.8 

1 Average of 100 tests; every other figure in this table is the average of 50 tests. 
2 Line was disintegrated and gone. 

It has been noticed that, with respect to tensile strength and 
flexibility, the copper paints and the tar-copper-oleate mixtures run 
“neck and neck.’”’ They differ widely, however, when their wearing 
quality is measured. The tar-copper-oleate mixtures, Y and Z, lead 
the entire series in this respect, while the copper paints, Q and R, 
take last place, as they did in the other series. This might be ex- 
pected, since copper paint makes the lines harsh, and copper oleate, 
on the other hand, is smooth or waxy in consistency. Next to the 
tar and copper mixture is copper oleate alone, AA, then the Dutch 
method, L, which comes low in the series, because it, too, makes the 
lines to which it is applied harsh. ‘The petroleum product No. 2, 
designated X, is here again very low, running only a little better 
than the white line, A, upon exposure in sea water. 

. TESTS WITH LINEN LINES. 

MATERIALS TESTED. 

Besides the tests with cotton lines at Woods Hole, just described, 
there were also conducted some tests of linen lines. As before, 10-ply 
linen, such as is used in salmon gill netting, was used. The lines 
were prepared and placed in the water along with the cotton lines on 
June 9, 1922, and samples were removed ae the first, second, and 
third months, the test running in this case only three months. Linen 
lines are in practice of course never exposed continuously in the water. 
For purposes of experiment, however, it seemed that the effects of 
the preservatives could be brought out more certainly in this way, 
without the possible entrance of other complicating factors, if inter- 
mittent exposure had been attempted. Since linen lines do not wear 
at all well on the wearing-test machine and the preservatives applied 
to it increase stiffness very little, tests of these two factors were 
omitted, and only the tensile strength, shrinkage, and increase in 
weight were determined. 

The preservatives and preservative methods tested were Dutch 
method, W; petroleum product No. 2, BB; and copper oleate, CC. 
Untreated linen line, T, was used as control. 



FISH-NET PRESERVATIVES. 37 

TENSILE STRENGTH. 

The results of determination of tensile strength before and after 
exposure are shown in Table 15 and in Figure 24. 

Taste 15.—Tensile strength of linen lines exposed in sea water at Woods Hole, Maes. 

Number of months 
eve exposed. 

posed, 
Symbol and treatment. 1 | 2 | 3 

Tensile strength in pounds. 

‘T—Not fies VAS. ee ae EA BATA. Bees we 155.2 48 27 27 
YD rbGh im GbhiGd sos tat eS SS eee oe Malan ae odes ane bec 43.0 56 20 34 

is —Petroleum' product) NO. 225 > -c--..s scesc sc anace saccccaaeceesanscs 49.0 44 12 8 
CC—Copper oleate, 15 per cent in gasoline...................--2+------- 48.0 48 43 51 

1 Average of 50 breaks; every other figure in this table is the average of 15 breaks. 

Although the Dutch method here shows some merit, copper oleate 
easily leads, linen lines treated with it finishing the three months in 
the water with the original strength unimpaired. The petroleum 
product here, as elsewhere, failed to effect any noticeable preserva- 
tion of the lines treated with it. 

SUMMARY OF RESULTS OF WOODS HOLE EXPERIMENTS. 

1. For cotton line seven preservatives and preservative methods 
and untreated line as control were tested at Woods Hole, Mass., 
being exposed from June 9 to De- 
cember 9, 1922. The preserva- 
tives and preservative methods 
were two copper paints, two com- 
binations of copper oleate and tar, 
the Dutch method, copper oleate, 
and petroleum product No. 2. 

2. For linen lines three pre- 
servatives and preservative 
methods and the untreated line as 
control were tested, being exposed 
from June 9 to September 9, 1922. 

TENSILE STRENGTH IN POUNDS 

The preservatives and preservative 30 60 30 
methods were Dutch method, pe- DAYS EXPOSED 

troleum product No. 2, and copper Fic. 24,—Tensile strength of linen lines exposed 
oleate. in sea water at Woods Hole, Mass. 

3. Exposure in the water at 
Woods Hole had a much less severe effect on lines, treated or not, 
than at Beaufort. 

4. In combinations of copper oleate and tar it made little differ- 
ence whether the two were mixed and applied or applied separately. 

5. These combinations of copper and tar effected about the same 
degree of preservation of tensile strength and stiffened the lines to 
about the same degree as the copper paints but were far superior to 
copper paints in mechanical wearing quality. 
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6. Copper oleate alone here, as elsewhere, produced a very flexible 
line; it held tensile strength during exposure about like the Dutch 
method for cotton lines. Copper oleate excelled in wearing quality 
but did not equal in this respect the combinations of copper oleate 
and tar. 

7. The petroleum product No. 2 proved to be a poor preservative 
in all respects studied. 

8. The Dutch method, in preservation of tensile strength and in 
flexibility, was intermediate in value between the best and poorest; 
in mechanical wearing quality it was inferior. 

9. The copper paints preserved tensile strength well, greatly stif- 
fened the lines, and wore poorly. 

SERIES EXPOSED IN FRESH WATER AT PUT IN BAY, OHIO. 

All the exposures of lines in water so far described were in sea 
water at Key West, Beaufort, and Woods Hole. It is important to 
determine how preservatives behave in fresh water also. Since Lake 
Erie is the seat of one of our greatest fresh-water fisheries, where the 
art of constructing and using fishing nets has been brought to a high 
degree of perfection, it seemed appropriate to make a series of experi- 
mental exposures in its waters. Accordingly, a series identical with 
the Woods Hole series in the lines and preservatives used was pre- 
pared and placed in the water at the U. S. Bureau of Fisheries hatch- 
ery at Put in Bay, Ohio, June 15, 1922. The series for cotton lines 
was exposed till December 15, 1922. 

WATER CONDITIONS AT PUT IN BAY. 

The temperatures of the water at Put in Bay are shown in Table 16. 

TABLE 16.—Temperature of water at Put in Bay, Ohio. 

Year and month. Maximum. Minimum. Average. 

1922 oF. 26, SUR °C. aH. %C. 
8.000 (seyeegetzs, seers: Se eee Wee feat en Pe es ere On xe SS Sp 73 22.7 65 18.3 70 21.1 
Selly 25. FERIA 2. SEL ce. See 77 25. 0 72 Q2E2 75 23.8 
AMIBUSt=ss pas ees hor ec ce = cet cede aoaetce cerns Penne Sees 77 25. 0 72 22.2 75 23.8 
September s-- peut. cokece cae eee es tebe ne Menon nces 76 24.4 66 18.8 71 21.6 
Octobert 3) oper Foe AS ios Es Sa res eh ee Bae i 68 20. 0 50 10.0 59 15.0 
MOMeM Der fe ccn,- eta ket et oace ds ee a comos tle eeSee 53 11.6 38 3.3 47 8.3 
Décemberz ta: ese ask Sow Sa es are ee tere 39 3.8 33 5 35 1.6 

It is well known that fresh water in Lake Erie is very severe in its 
effect on lines. A red slime becomes deposited on the nets in the 
summer season, and a strong deterioration of nets occurs at the same 
time. This red slime consists of hydroids, colonies of small animals 
that may or may not directly affect the nets. At any rate, decompo- 
sition of the samples was rapid, as will be seen, and the order of effect- 
iveness of the different preservatives differed considerably from that 
of the salt-water experiments. 

OO a | 
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TESTS WITH COTTON LINES. 

MATERIALS TESTED. 

The preservatives and preservative methods tested for cotton lines 
were the Dutch method, L; copper Pe Nos. 1 and 2, Q and R; 
petroleum product No. 2, designate X; copper oleate in casoline, 
AA; copper oleate followed by coal tar diluted with benzol, Y; and 
copper oleate mixed with coal tar and the whole diluted with benzol, 
Z. The shrinkage and increase in weight caused by the preservatives 
were noted; the data for these factors will be considered later. 

TENSILE STRENGTH. 

The tensile strength of the lines exposed at Put in Bay are given in 
Table 17 and are shown graphically in Figure 25. 
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Fic. 25.—Tensile strength of cotton lines exposed in fresh water at Put in Bay, Ohio. 

TaBLE 17.—Tensile strength of cotton lines exposed in fresh water at Put in Bay, Ohio. 

Number of months exposed. 

Unex- 
posed 

Symbol and treatment. 1 | 2 3 4 | 5 | 6 

Tensile strength in pounds. 

A—Whiteline, untreated control..........--..-------+---- DSO Sipe 12. So. low eae) (*) (2) (*) 
L.— Dutch metdOde ea sae e eee don ee tee joeesseeseet: 38.6 | 40.0 | 38.0 | 27.0 | 34.1] 34.0] 33.0 
Sage (eae Es bee Be BA et eee 41.5 | 39.0 | 38.0 | 32.0] 39.6 | 48.0] 42.7 
R—LOppel Paley Ose nk ot nade a acer cree caresses see 42.7 | 52.0 | 49.0 | 53.0] 42.3 | 44.0] 49.7 
X—Petrolstiin prowuch NG. Bo. St es sees ecesscrce 32.9 | 26.0) 11.0] (2) (*) (*) (2) 
Y—Copper oleate 15 per cent, benzol 35 per cent, coal tar 

PVG: fr 2 ES ERS Ee eee Be 35.0 | 46.0 | 44.0 | 51.0] 47.8 | 45.0 | 48.4 
ae per oleate followed by coal tar...............------- 36.0 | 42.0 | 47.0 | 50.0 | 46.6 | 42.0] 45.6 

0 | 38.0 { 10.0 pper oleate 15 per centin gasoline. .......-......-- | 38. , .0] 10.0} 6.6) () | @) 

1 Average of 60 breaks; every other figure in this table is the average of 15 breaks. 
2 Line was disintegrated and gone. 
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Here, as at Woods Hole, the copper paints, Q and R, run very 
close to the copper oleate and tar combinations. The copper paint 
No. 2, (R), containing, as it does, much more copper than No. 1, (Q), 
stands first; then come the copper and tar combinations, followed by 
copper paint No. 1. Both the copper paints, however, contain much 
more copper than either of the copper and tar mixtures. A striking 
difference from thé Woods Hole series (and the other salt-water 
experiments) is found in the behavior of copper oleate alone and the 
Dutch method. Jn all the salt-water tests, without exception, copper 
oleate preserved better than the Dutch method. Here, however, the 
Dutch method stands higher, comparing favorably with the copper 
paints and the copper and tar mixtures, while copper oleate, doing 
well the first 30 days, afterwards fails rapidly. 

It seems likely that the cause of this peculiar difference lies in the 
comparative solubilities of the copper compounds present. The 
Dutch method deposits copper tannate, which appears to remain in 
the lines; but the copper oleate was not very ars visible in the 
lines returning from these fresh-water experiments as it was in the 
salt-water series. It may be that the copper oleate is too soluble in 
fresh water and gradually dissolves out, while the tannate is less 
soluble. If this is so, why the reverse condition of results from salt 
water? Copper oleate appears to be less soluble in salt water than 
in fresh. A certain degree of solubility of the active ingredient may 
be necessary, for a totally insoluble material may be inert and 
ineffectual as a preservative. Sea water, being an electrolyte, pre- 
cipitates many colloids—as it will precipitate soap. Copper oleate 
is a soap and is probably soluble to a small degree as such in fresh 
water, although not soluble to the same extent in salt water. 

That a binder may hold the copper oleate in the lines and in that 
way prolong its preservative effect 1s shown by the copper oleate and 
tar combinations. The remedy indicated for the shortcoming of 
copper oleate in fresh water may be found in the use of a binder that 
will keep the copper oleate present and not greatly increase stiffness 
and weight. Experiments in this field are planned for the near future. 

FLEXIBILITY. 

The flexibility of the cotton lines exposed at Put in Bay was 
tested in the way previously described (p. 20), both before and after 
exposure. The results are given in Table 18 and are shown 
graphically in Figure 26. 

TABLE 18.—Flexibility of cotton lines exposed in fresh water at Put in Bay, Ohio. 

Number of months exposed. 
Unex- 

Symbol and treatment. posed 4 | 2 | 3 | 4 | 5 | 6 

Number of oscillations. 

A—White line, untreated control.......-...:.:-----.------ 41.3 | 62.7 | 69.1 | () (2) (2) (2) 
b—Dutch methods <q sosati zoe Aseptic bles cone 44.9] 52.5 | 51.4 | 53.3 | 58.7 | 67.1] 59.2 
Q—Copper paintin 0.0 228 ak Fe ae Leek cleo lee oes 31.1} 34.1 | 38.7] 39.5 | 44.2] 45.0] 46.8 
R—CopperpainiiNo. 2h). 2 ae a ae eee ee eee 29.4 | 16.3 | 22.1 | 21.3 | 30.1 | 37.4] 37.3 
X= Petroleum) productiNo: 2.5.8 seat seeee oe see eae oe 34.3 | 24.2 | 37.3) @) | @) | @) | ® 
Y—Copper oleate, 15 percent; benzol, 35 percent; coal tar, 

SOperwenit: FP Seek eee Fee ke ree ee Se oe 27.0! 30.0} 31.1 | 28.4 | 34.2 | 52.4] 54.2 
Z—Copper oleate followed by coal tar...............-.-.--- 35.3 | 30.5 | 34.1 | 49.7 | 49.2 | 40.5] 58.0 
AA—Copper oleate, 15 per cent, in benzol..............---- 43.1] 69.7 | 74.0 | 73.5 | 78.3] (2) (2) 

1 Every figure in this table is the average of 100 tests. 2 Line was disintegrated and gone. 

a! et te Rn es 
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The most flexible of all the lines exposed are those treated with 
copper oleate, AA; then comes untreated line, A, and that treated 
by the Dutch method, L. Considered together the lines treated 
with copper oleate and tar combinations, Y and Z, and copper paints, 
Q and R, are very stiff, though the stiffest is copper paint No. 2, R, 
and the most flexible is the combination, Z, which is copper oleate 
followed by tar, with copper paint No. 1, Q, and the mixed copper 
oleate and tar, Z, an intermediate. The petroleum residue, X, also 
markedly stiffens the lines. . 
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Fie. 26.—Flexibility of cotton lines exposed in fresh water at Put in Bay, Ohio. 

The tendency toward increasing flexibility of all the lines is an 
indication of general deterioration; as they lose in strength and general 
quality they become more and more flexible. 

WEARING QUALITY. 

The results of the tests of wearing quality of the lines in the Put in 
Bay series are given in Table 19 and are shown graphically in 
Figure 27. 
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TABLE 19.—Wearing quality of lines exposed in fresh water at Put in Bay, Oho. 

Number of months exposed. 
Unex- 
posed. 

Symbol and treatment. 1 2 3 4 | 5 6 

Number of strokes. 

A—White line, untreated control.............-.-..--..---- 1399.0] 2.1] (2) (2) (2) (2) (2) 
L—Dutch method 2 ee eee alk alos See ae Se ae eeiceieene 46.6 | 44.8 | 43.6 | 46.6 |] 42.7 | 24.8 | 35.5 
@— Cop perp aint: NOs Waar mee ence ne eae eee sta ---| 23.0 | 41.7 | 28.9 | 29.8 | 34.8] 31.1} 31.5 
R—Copper paint N Oj 2s sess acess eee oe 89.0 | 25.6 | 29.2 | 24.8 | 19.2 | 16.3 | 15.3 
X——Petrolemm product NO. 2: 4.5 swe seeclon es seb son keese ee 132.0 | 37.6 | 4.8] (2) (2) (2) (2) 
Y—Copper oleate, 15 per cent; benzol, 35 per cent; coal tar, 

SONDEL- CONES sa0ctisgs. mse State se steam te eee aoe eee ae 268.3 |227.4 |222.9 |189.3 |150.6 | 88.1 | 92.0 
Z—Copper oleate followed by coal tar...............--.---- 228.1 |231.2 |274.9 |130.0 }153.4 |121.8 | 111.5 
AA—Copper oleate, 15 per cent in gasoline...............-- 203.1 |180.8 | 18.1} 8.6, 4.2] () (2) 

| 

1 Average of 100 tests; every other figure in this table is the average of 50 tests. 
2 Line was disintegrated and gone. 
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Fiq. 27.—Wearing quality of cotton lines exposed in fresh water at Put in Bay, Ohio. 

The leaders in this test are by long odds the lines preserved with 
the copper oleate and tar combinations which, even after three 
months’ exposure, are still more resistant to wear than any of the 
others even before exposure, with the single exception of unexposed 
white line. This result agrees with the result at Woods Hole, where 

— 

—— 
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the copper oleate and tar combinations showed exceptional wearing 
uality. Running, as they do, very close to the copper paints in 

facibiiey and tensile Sis eee they excel copper paints so much in 
wearing quality that their selection is already indicated for the heavier 
types of gear where wear is a consideration. Copper oleate alone, AA, 
since it failed to preserve tensile strength, of course failed also in 
wearing quality, because, as already pointed out, if tensile strength 
is impaired the lines will make a poor showing in wearing quality 
whatever the results might otherwise be. We already know from 
the other series that copper oleate is better in wearing quality than 
any other preservative studied, and we can therefore with assurance 
ascribe its failure here to failure to preserve the strength of the fibers. 

The Dutch method, L, does not show a wearing quality that can 
be called satisfactory, It makes 
only 43 to 46 strokes on the 
wearing machine against 399 for 
fresh white line and 231 for lines 
freshly treated with copper oleate 
and tar. Nevertheless, the uni- 
formity of results indicates good 
preservation, as was seen in its 
effect on tensile strength. The 
Dutch method is therefore in 
fresh water a good preservative 
in general for cotton lines, though 
it leaves much to be desired in 

TENSILE STRENGTH IN POUNDS 

the particular factor of wearing DAYS EXPOSED 
quality. The petroleum product int data att aed a é 

S v 1G. 28.—Tensile strength of linen lines expose o. 2, designated X, is no better in fresh water at Put in Bay, Ohio. 
in wearing quality than in other 
particulars—it fails consistently, as far as tested, ana excels in no 
quality. 

TESTS WITH LINEN LINES. 

MATERIALS TESTED. 

A series of linen lines identical in material, preservatives, and 
preservative methods used with those at Woods Hole was exposed 
at Put in Bay for a three months’ period. The line was 10-ply linen 
gill netting. The preservatives and preservative methods used were 
copPe oleate, 124 per cent concentration in gasoline and 5 per cent 
oil, CC; the Dutch method, W; petroleum product No. 2, desig- 
nated BB 

TENSILE STRENGTH. 

_The tensile strength of these lines before and after exposure is 
given in Table 20, the same results appearing graphically in Figure 28. 
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TaBie 20.—Tensile strength of linen lines exposed in fresh water at Put in Bay, Ohio. 

Number of months 
Unex- exposed. 
posed. 

Symbol and treatment. 1 | 2 | 3 

Tensile strength in pounds. 

Untreated line}. contra ss is. 2.52 <ca-b teen Peto bae aaeee cena 155.2 theif (2) (2) 
IWe—Ditchimethod. cast see te tee re ae sae ee oe Sete 43.0 34.0 (2) (2) 
BB Petroleum product NO-|2-9474-- - 6222 5- Spe - Pace eeea sae 49.0 8.2] (2) (2) 
CC—Copper oleate, 15 per cent in gasoline. ..............-.-.--------.-- 48.0 54.0 28.0 (2) 

1 Average of 50 tests; every other figure in this table is each the average of 15 tests. 
2 Line was disintegrated and gone. 

In this series the only preservative that shows any considerable 
success is copper oleate, CC; all three of the other lines—that is, the 
untreated line controls, T, and the samples treated by the Dutch 
method, W, and with the petroleum product No. 2, designated BB— 
failed to appear at all after one month of exposure. Of course, linen 
gill netting in practice would not be exposed to such conditions; 
but all the lines received similar exposure, and copper oleate clearly 
preserved better than any of the others. 

Just why copper oleate preserved better with linen line than with 
cotton relatively to the other preservatives is not apparent. The 
conditions at Put in Bay are worse for the lines, both cotton and 
linen, than they are at either Woods Hole or Beaufort. At Beaufort 
two of the linen samples—that is, the ones treated with copper 
oleate and by the Dutch method—came through 120 days with 
some strength left, and at Woods Hole the corresponding samples 
were in good shape after 90 days, those preserved with copper 
oleate still being equal in tensile strength to the original lines. Linen 
is like cotton in showing more rapid deterioration in Lake Erie than 
the Atlantic Ocean; but copper oleate preserved linen relatively 
better than it did cotton. 

SUMMARY OF RESULTS OF PUT IN BAY EXPERIMENTS. 

1. The samples exposed at Put in Bay, Ohio, showed a general 
tendency toward a more rapid deterioration than did similar lines 
exposed in sea water. 

2. The exceptions to this statement were those lines treated with 
the copper paints and tar-copper-oleate combinations, which showed 
no deterioration of tensile strength in fresh or salt water in six 
months, and the Dutch method, which preserved cotton lines better 
in fresh water than it did in salt water. 

3. For cotton lines the copper paints and the combination of 
copper oleate and tar gave splendid results, but both classes of the 
preservatives stiffened the lines greatly. 

4. As between copper paints and the tar-copper-oleate combi- 
nations, the preservation of tensile strength was equal, although in 
wearing quality the tar-copper-oleate combinations greatly excelled. 

5. The Dutch method gave excellent results on cotton lines in this 
series, preserving the samples for the entire six months’ period and 
not causing excessive stiffness. 
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6. Copper oleate alone did not excel in the preservation of cotton 
lines in this fresh-water series, apparently because it dissolves in 
fresh water and is removed from the lines. 

7. On linen lines copper oleate preserved better in this series than 
did the Dutch method—the reverse of the results on cotton lines. 

OTHER CONSIDERATIONS OF IMPORTANCE IN JUDGING 
VALUE OF PRESERVATIVES. 

VARYING RATE OF DECOMPOSITION OF LINES IN DIFFERENT 
LOCALITIES. 

It is generally understood that lines decompose more rapidly in 
some localities than in others and more rapidly in summer than in 
winter, but no quantitative data on the subject have been published. 
For purposes of comparison the tensile strength records of the un- 
treated cotton lines exposed in the several series are given in Figure 
29. It will be noted that the line lasted over the entire six months’ 

———— 

iia bn WASHINGTO| SSC ESEES i eA Scena fai 
Sobel 

NUMBER OF MONTHS EXPOSED 

WHITE LINE (UNTREATED) 

TENSILE STRENGTH IN POUNDS 

Fia. 29.—Varying rate of decomposition of cotton lines in different localities. 

period of exposure to weather conditions at Washington, D. C., and 
over the entire period of 44 months at Key West, Fla. At both 
Woods Hole, Mass., and Beaufort, N. C., the lines were entirely 
disintegrated and gone at the end of 4 months, though at the end of 
4 months the line from Woods Hole showed a tensile strength of 
about 10 pounds and the one from Beaufort of about 3 pounds. 
In fresh water at Put in Bay the line showed a tensile strength of 
but about 2 pounds at the end of 2 months and at the end of 3 months 
was entirely rotten. The average specific gravity of the water at 
Key West for the entire period of exposure was 1.025, at Woods 
Hole 1.023, at Beaufort 1.019, and at Put in Bay about 1.000. Thus, 
considered roughly, the rate of deterioration of the exposed lines is 
directly proportional to the specific gravity (salinity) of the water 

~ in which they were exposed. 
There is in all probability a relation also between the temperature 

of the water and the rate at which a line exposed in it will deteriorate; 
other factors being held constant the rate of deterioration of a line 
would no doubt bear an inverse relation to the temperature. The 
temperature records given for the localities of exposure do not show 
this relation here. Salinity differences complicate the results, and 
also, because the exposures were made in different seasons at the 
different places, the fluctuations in temperatures are very unlike. 
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INCREASE IN WEIGHT CAUSED BY APPLICATION OF PRESERVATIVES. 

Among the properties of textiles that make them suitable for 
fishing is lightness. A light net is more easily and more rapidly 
handled than a heavy one, and consequently less labor is required 
to handle it. Since a net must support its own weight, the weight 
added to a net in the substance of a preservative adds just so much 
to the load to be carried by the net. 

It is therefore important to determine the increase in weight 
caused by preservation and to select the preservatives that impart 
least weight to the nets, other conditions being the same. In all 
the series of experiments so far described in this paper this factor 
was determined by weighing the sample lines before and after treat- 
ment. These weighings were made on the analytical laboratory 
balance, but the lines were not dried to constant weight. It was 
found by experiment that, unless elaborate precautions were taken, 
the perfectly dried sample reabsorbed moisture so rapidly from the 
air that accurate weighing was impossible. Since it was impractical 
to use weighing bottles to prevent this and would be improper to 
heat the treated nets to the temperature required for drying, the 
samples were weighed in the air-dry condition. 

Table 21 gives the results of the determinations of increase in 
weight of cotton and linen lines caused by the preservatives. These 
results are shown graphically in Figures 30 and 31. 

TABLE 21.—Increase in weight of cotton and linen lines caused by application of preserva- 
tives. 

COTTON LINES. 

Per cent increase in weight. 

Symbol and treatment. Wash-| Key | Beau- | Woods} Putin | Aver- 
ington.| West. | fort. | Hole. | Bay. age. 

B—Copper oleate 7 per Cent. .... 20... cece een- eee ane 
C—Copper oleate 7 per cent, 5 per cent paraffin oil, 

1—1000 cresol....... Sh SEAS See Sea soe dea uecae 
D—Copper oleate 11 per cent...5..... 2202 ccc c eee eens 
E—Copper oleate 11 per cent, 2 per cent paraffin oil ... 
F—Coal tar 50 per cent, benzol 50 per cent .....-.- Sear 
G—Pine tar 50 per cent, benzol 50 per cent ..........-- 
H—Coal tar and pine tar each 25 per cent, benzol 50 

DEM Canes ee TSI Sas ose ee ATS: 58 47 gO oe SB eee ae 48 
I—Quercitron and potassium bichromate ............- 7 6 TS lneseuebiel aeiscste ae 8 
J3—Petroleum: product NO. feo eke es naceesconece 51 52 A NE ceaiccatosmecsie 48 
K—Proprietary waterproofing material ............... 17 Ti 2 co Rees. ee 17 
iL Dutch method) «oats <2 ue aes oe eee ee eee 21 9 13 23 19 17 
M—Copper oledte 74 per cent 2 fase AS oe nt ack Sa) sek biee Ot ec letaste cs 9 
N—Copper oleate 124 per cent, 5 per cent paraftiin oil, 

11000 ‘CrOSOl se Sn Soe seem eset tte eel eet ae eeslkceaaese i RAR REARS 14 
O—Copper’ oleate 12% percent): seed evs Ta eee See Rae a Se ae Loader eee 15 
P—Copper oleate 124 per cent, 5 per cent paraffin oil ..|........]..-..... CSSA SSSA eOpcimce 19 
QO—Copper paint Nowy. IG. Ps a ae bonsai eel ebeaceee 48 74 75 66 
IR——CopperpaintiNo:gs. dooce ee eae ees Serer ee | ecto oe ae eee 109 138 132 126 
S—Gilsonitet ss occas Sal Coens ae aoe cee aces noice ae eeeaes lec wees GLa leben a 46 
<—Petroleimi prodiict. No! 2358) Zee oaassee coco ees edocs ec aeeeemees 37 36 35 36 
Y—Copper oleate 15 per cent, benzol 35 per cent, coal 

ar. 50) percents ie 2S ae See ar ate Bee ee ee RS Pee 58 56 57 
Z—Copper oleate 15 per cent, followed by coal tar.....|........].......-|.....--- 59 62 60 
A-A—Copper oleate lo per Cent: fac echt ee eae tae eee occ ecee alec seme tae caeee 18 18 18 

LINEN LINES. 

Woods | Putin 
Symbol and treatment. Beaufort. Hole. Bay. Average. 

U—Copper oleate 124 per cent in gasoline, 5 per cent paraffin oil.. DOL Sa|cvemscce celeste uence 30. 8 
V—Quercitron and potassium bichromate................--- eet 1556) | 4822 5.- cnt eee EE 15.6 
Wi Ditch method*. is. be o- cect we cesmeeenne cemecnelemneter 26. 2 31.2 29.8 29.0 
'BB—Petroleum product .NO.2. 5 Ss.s2b tee ok wa soee sob cece tee cee a ssceeeeere 35.7 39. 4 37.5 
CC—Copper oleate 15 per cent in gasoline.................-020--|eeeeeeeene 22.0 23.3 22.6 

Ee 
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In Figures 30 and 31 the original weight of the line is represented by 
the height of the polygon up to 100. The diagonally hatched part 
above 100 represents the weight added by the preservative, and the 

total height of the polygon represents 
~ the total weight of the line after treat- 

ment. 
It is readily seen that certain mate- 

rials, such as tar and coppe paint, very 
greatly increase the weight of the lines, 
while others, notably the tanning meth- 

4 ods and copper oleate, add very little 
A totheweight. Tar, which shows acon- 

1 siderable increase, would probably show 
4 even a greater increase in weight where 

it is applied by the hot method. Cop- 
per paint, which made such a good 

| showing in preservation of tensile 
| AAT ll strength, here makes a very poor show- 

80 wT | ing ms re it causes a great increase in 
weight. 

70 It was noticed in connection with the 
5 AT data on tensile strength that certain 

preservatives actually increased tensile 
strength by their binding effect on the 
fibers. Thepreservatives that have the 
greatest effect in this way are also 
those that increase weight most. The 
question then arises, Does the extra 
tensile strength imparted to the lines 
compensate for the added weight? 
Will the extra added strength carry 
the extra added weight? This ques- 

uv. W CC. BB tion can be determined by examining 
the breaking length, which is the length 

caused by one application of various Of itself that aline willsupport. Table 
preservatives. U, copper oleate, 12}per 22 shows the tensile strength in pounds 

3 v, and breaking length in feet of the un- 
BB, petroleum product No.2; CC,cop. treated and treated lines before eXpos- 
Der oleate, 15.per-eent solution! inees- - yre- thats, themunbermel feet ot line 

that will just support itself without 
breaking, calculated by dividing the weight per foot into the tensile 
strength in pounds. Similar figures are shown for the same lines 
after 30 days’ exposure. . 

a 

BY PRESERVATIVES 

INCREASE IN WEIGHT CAUSED 

ny @ 

=) o o Oo o 

ORIGINAL 
WEIGHT 1004 



FISH-NET PRESERVATIVES, 49 

TABLE 22.—Tensile strength and breaking length of all lines tested. 

Freshly treated. |Exposedone month. 

Symbol and treatment. 
Tensile | Breaking] Tensile | Breaking 

strength.} length. |strength.| length. 

A—White line, untreated control...............-2----2-eeceeee 39.3 32,600 30. 4 25, 200 
B=Copper-gleate ¢:percentsase io he hE ris a 36. 1 28, 000 34.7 27,000 
C—Copper oleate7 per cent; 5 per cent oil, 1-1000 cresol......... 30.5 25, 100 32.4 22, 900 
D—Copper oleate 11 per cent............ | TS nee ee ee eek ee ee 36.1 23, 300 37.6 24, 600 
E—Copper oleate 11 per cent, 2 per cent oi]..................--- 31.4 21, 000 35.0 23, 200 
F¥—Coal tar 50 per cent, benzol 50 per cent..................---- 35. 4 17, 900 44.6 22,700 
G—FPine tar 50 per cent, benzol 50 per cent. .-...............-.. 3022 19, 500 44.4 24, 500 
H—Coal and pine tar 25 per cent each, benzol 50 per cent....... 37.4 21, 800 48.6 28, 300 
I—Quercitron and potassium bichromate.............-.....-..- 39.3 28, 100 39. 2 28, 000 
J Petroleum Produce NO. LFs.ij\- 05 cideode dees decdooskcsneeeee 39. 0 21,700 44.8 25, 300 
Ke-yraterproonne maternal sie. toi) Fo ea a ee Pee 43.9 27, 400 48.9 30, 400 
Te Deboh meth odie sct setae a Mek ce bas dace bok dae chtotaw dae 38.6 23, 300 39.9 23, 600 
M—Copper oleate 74 per cent...-....-.-.--.2-202- eee. e eee neon 34. 2 27, 300 36, 2 28, 900 
N—Copper oleate 12 per cent, 5 per cent oil, 1-1000 cresol....... 33. 2 25, 300 30. 2 26, 900 
O—Copper oleate 123 per cent....... ROR Ge See ea eee ee 33.6 25,000 | ~ 36.6 27, 300 
P—Copper oleate 124 per cent, 5 per cent oil.-.-...........2..2. 36.3 26, 200 37.2 26, 900 
Q>Woapner paint NO2d ose fs tak oct ie once eae ee eS 41.5 18, 500 41.0 18, 200 
Re_Copper. paint No: Zhe; Si S5. Ske cee sobs SOO Ree ie ie 42.7 14, 300 47.3 15,800 
Se AaUSODYIG oe ees Pick to get ohe oo pce ge ach ena ga eee ban daw 35.5 21,500 28.2 15,700 
xS—Petroigam product, NO 2) i. 3252. ate ee 32.9 20, 400 35.0 21,700 
Y—Copper oleate 15 per cent, benzol 35 per cent, coal tar 50 per 

Catcet coe rae parted ase ck Se data eke 35.0] 17,400 44.5 22 300 
Z—Copper oleate followed by coal tar..........-.-.-.----------- 36.0 17, 600 40.0 19, 400 
AD—Copper Olpate Ao) Per Cent... 6 cis ae deme Se sce iene scene ser 38.0 25,700 40.0 27,000 

1 The figures herein are averages from all the series studied. 

It will be seen that those lines treated with tar or copper paint 
are of high tensile strength, especially after 30 days, yet the breaking 
length, which takes added weight into account, is comparatively low. 
Unexposed, untreated cotton line has a breaking length of 32,600 
feet. If the increased strength of the line caused by application of 
tar and copper paints were proportional to the increased weight, the 
breaking length should be at least equal to that of the untreated 
lines, 32,600 feet. It is seen that this is not true for any of the pre- 
servatives when freshly applied. After a month’s exposure many of 
the lines, such as tar, show an improvement, because of increasing 
binding on the fibers in comparison with the white line, which begins 
to weaken very soon. The copper oleates here show up well, while 
the copper paints, by their excessive weight, give poor results. 

It can be concluded from this section of the paper that weight is an 
important factor in net preservation; that although some preservatives, 
like tar and copper paint, increase the tensile strength of lines by 
binding the fibers together, this increase of strength does not com- 
pensate for the increased weight imparted to the lines. It may 
also be concluded that tar increases weight markedly and so does 
copper paint. Copper oleate and the tanning methods are best in 
this particular, while the petroleum products and gilsonite are 
intermediate. 

SHRINKAGE CAUSED BY APPLICATION OF PRESERVATIVES. 

Many substances applied to lines as preservatives cause some 
shrinkage. As stated in connection with the description of the 
experiments, the samples were always measured to length while under _ 
a strain of 2 ke. (4.4 pounds). The standard used was a steel tape 
50 feet long. The measurements, being made before and after treat- 
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lines. 
which are also shown ) 

y difference, any change in lengths of the 
ibits the results so obtained 

graphically in Figure 32. 
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Fia. 32._Shrinkage of cotton lines caused by one application of the various preservatives. 

TABLE 23.—Shrinkage of cotton lines caused by a single application of each of the various 
preservatives. 

Per cent shrinkage. 
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Woods) Putin| Aver- 
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The results given are for only one application of the preservative. 
In practice, of course, some preservatives are repeatedly applied. 
Tar, copper paint, etc., can not well be applied repeatedly, because 
the accumulating substance increases wei and stiffness too much. 
Tanning materials, however, can be repeatedly applied, and it is 
just these that produce the greatest shrinkage, even on first appli- 
cation. This shrinkage is to be expected, for hot water is fide in 
applying them. With repeated application, shrinkage becomes a 
rather serious objection to tanning extracts. The copper oleate, 
being sete cold in gasoline, produces very little shrinkage. In 
eneral, however, one application of any of the preservatives pro- 
uces little shrinkage. On linen lines none of the preservatives 

used caused any measurable shrinkage. 

TIME AND LABOR REQUIRED TO APPLY PRESERVATIVES. 

These factors are, of course, of great importance. Where two 
preservatives are of the same value in all technical particulars, the 
one which is less expensive to apply is preferable. It sometimes 
happens that on off days the fisherman’s time is worth little if it 
can not be employed on his nets and boats, and in large organiza- 
tions the employees are sometimes without important work to do. 
In such eases the cost of material is the principal cost of preservation. 
The cost of copper oleate will be considered elsewhere. 

The time required to apply the several preservatives and for the 
treated nets to dry may be expensive, especially in busy seasons, 
when time employed on nets is just so much time taken from fishing. 

Table 24 sets forth the time required to dry the several preserva- 
tives after they have been applied. 

TABLE 24.—Time required for application and drying of preservatives. 

Number P P 
Preservative. of appli- gee ae required 

cations, ne 

Capper Cleat s.snas. no = ace ck obese ass Mae hee ae fae. pe eee de 1 | 30 to 45 minutes. 
Pine tar 50 percent im benzol- 290. 22000 ee I... noes ss he 1 | 10 to 12 minutes. 
Coal tar and pine tar 50 per cent benzol.............------22-2--2c0--0- 1 | 20 to 24 hours. 
COMLLAD DO Pe Cont enw) 5 ae ane ance tee Mee so ae ae ee ee a ris 1 | 24 hours. 
Tanning materials: 

Quercitron and potassium bichromate..................----------- 3 | 12 to 18 hours.! 
Muten method sis IIS. - SIFa hie oe whee oo pose tiaane = dels 3 Do.) 

GUISGNT SPE sass oan gana gent oes toe An SINCERE O. adame eee 1 | 24 hours. 
PCREOLIITTU DEOU TICES feo nee soe eda hones note tetaisia tance compe ees 1 | 36 to 48 hours. 
Copipen paint Noy bia li ieee: oie a) esis gaa ee- osoe toes ee 1 | No drying required. 
Copper paint No. 22-0 22233. gce5 bo. + see eee 44 Senet eae 1 Do. 
Copper oleate-tar’comibinations..< 1.1 25. 255. po5- sen eeececee ents 1 | 20 to 24 hours. 

1 Requires from four to six hours for each application to dry. 

COLOR IMPARTED TO LINES BY PRESERVATIVES. 

All the preservatives studied change the color of the lines. Just 
what the value of color in a line is and what color and shade would be 
preferable we do not know. There is a large literature on the subject 
of color vision in fishes, but results by different observers are quite 
inconsistent. Still less do we know of the reactions of fish to colors 
that they may distinguish. However, since many people who are 



52 U. S. BUREAU OF FISHERIES. 

interested in net preservatives have their own and very often decided, 
opinions on the subject, a statement of the colors produced follows: 

Preservative. Color of treated line. 

Copper oleatet22i0 102 AROS Apple green, sky blue, or strong brilliant green, 
depending on concentration of preservative. 

Re eee cya = trea sla eee Dark brown or black. 
Clare's ilk Co eae ee ee ee eS Dark coppery red. 
Petrofeum “products. .2.°5..- 22 222 Black. 
GilsoniteIe SLEACTIDA. AR Do.. 
Tanning materials: 

Quercitron and potassium Brown. 
bichromate. 

Dutch method Dark brown. 
Copper oleate and tar combination Dark brown or black. 

Fie. 33.—Apparatus used in testing the pre- 
servatives for tendency toward spontaneous 
heating. 

SPONTANEOUS HEATING. 

Spontaneous heating is com- 
monly said by fishermen and others 
to cause the nets to rot. This 
heating is often attributed to the 
substance with which the nets are 
preserved. Experiments along this 
line have led the writers to suspect, 
however, that spontaneous heating 
of nets is caused by something other 
than the preservatives used. 

APPARATUS USED FOR TESTING. 

The apparatus used for these ex- 
periments (fig. 33) was made after 
the fashion of Mackey’s sponta- 
neous combustion tester. This 
consits, essentially, of a double- 
walled cylindrical water bath with 
a cover carrying two air circulation 
tubes,a anda’. The sample to be 
tested is placed in a cylindrical wire 
gauze or screen, f. A thermom- 
eter, t, extends into the sample. 
A second thermometer, t’, is. sus- 
pended in the inner cylinder, c, 
through the air circulation tube a’. 
The water in the cuter cylinder, w, 
is then heated to any arbitrary 
temperature and kept at that tem- 
perature for a period of three or 
four hours. The temperatures of 
the thermometers, ¢ and @’, are 
noted at frequent intervals, and if 
the temperature of tin the sample 
exceeds that of ¢ in the air sur- 
rounding the sample, the difference 

may be taken as heat due to oxidation in the sample being tested. 
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LINSEED OIL. 

Tests made were on cotton waste treated with the various preserva- 
tives studied. Two other tests were made upon samples of cotton 
waste that had been treated with linseed oil. Spontaneous heating 
is perhaps more likely to cccur in the presence of linseed oil than of 
almost any other common substance. The tests with it were made, 
therefore, for the purpose of determining whether or not spontaneous 
heating would actually occur under the conditions set up for the 
experiments. 
Twenty grams of cotton waste was moistened with 25 cc. of linseed 

oil and the waste allowed to dry somewhat and placed in the tester. 
The water was brought to boiling and the temperature of ¢ and ¢’ noted. 
‘The maximum temperature recorded by t was about 203° F. (95° C.). 
The temperature of the waste, shown by the thermometer ¢, rose at 
about the same rate as that of the surrounding air, shown by#’.. When 
a temperature of 212° F. (100° C.) was reached, readings were made at 
intervals of one minute. The temperature rose 1, 14, and 2° per 
minute up to about 266° F. (130° C.), when the differences became 
gradually larger, reaching a maximum between 300 and 345° F. (149 
and 174° C.), when the differences were 14° F. (8° C.) per minute. 
The increments per minute then became gradually smaller, and a 
brown gas or smoke was noticeable above 368° F. (187° C.). The 
maximum temperature obtained in this experiment was 419° F. (215° 
C.). The waste was scorched to a brown color. The experiment 
with linseed oil was repeated with the same results as described in 
the preceding paragraph. 
A third test with linseed oil was made but differed from the first 

two in that the temperature of the water in the outer jacket was 
maintained at 122° F. (50° C.) instead of 212° F. (100° C.). This 
temperature was held for about four hours, but the temperature of 
the waste saturated with linseed oil did not rise above that of the air 
surrounding it—about 113° F. (45° C.). It may therefore be con- 
cluded that a temperature higher than this is necessary to kindle 
spontaneous heating of linseed oil. 

COPPER OLEATE. 

A sample of copper oleate taken from the batch before it was 
blown was dissolved in benzol. Cotton waste was saturated with this 
benzol solution and allowed to dry, after which it was placed in the 
tester and the temperature of the water in the outer jacket brought 
to 212° F. (100° C.). This temperature was maintained for a period 
of three hours. The maximum temperature reached in the inner 
chamber was 194° F. (90° C.).. The maximum temperature of the 
waste was also 194° F. (90° C.), proving that there was no elevation 
of temperature in the waste caused by the unoxidized copper oleate. 
This experiment was repeated under like conditions and the same 
results obtained as in the first case. Two other samples of waste 
that had been saturated with a benzol solution of the finished or 
oxidized copper oleate were tested in the same manner as described 
for the unoxidized samples. The maximum temperature obtained 
in each of these was 194° F. (90° C.), both in the sample of waste and 
in the air surrounding it. 
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The results obtained in all four of the above experiments would 
seem to indicate that there need be no fear of spontaneous heating 
of nets treated with copper oleate, either oxidized or unoxidized. 

OTHER PRESERVATIVES. 

Creosote oil: The substance as previously described as being used 
for a lubricant in the manufacture of copper oleate. 
Heavy coal tar: A road tar diluted with an equal volume of benzol 

in order to thin it sufficiently for application. 
: ore tar: Ordmary wood tar, thinned with an equal volume of 
enzol. 
Light coal tar: A thin crude coal tar, containing all the substances 

found in erude coal tar with the exception of water and benzol. 
Copper paint No. 1: A copper paint used as a net preservative. 
All of the above products were tested by saturating cotton waste 

with each and placing it in the tester. In no case was there any 
evidence of spontaneous heating. ‘The maximum temperature noted 
at any time in the air surrounding the sample was 203° F. (95° C.). 
Observed fluctuations in the temperature were in all probability due 
to air currents. At no time was the temperature of the waste over 
200° F. (93° C.). The major portion of the time it was between 190 
and 197° F. (88 and 92° C.). The water the outer jacket was kept 
at boiling. 

EFFECT OF HEAT ON COTTON’ LINES. 

The question may here be raised as to how much heating is neces- 
sary to cause noticeable deterioration of the line. In order to answer 
this question, the following experiments were carried out: 

Samples of No. 24 cotton line were heated in an electric oven in 
dry heat. One sample. was heated for a period of two hours at a 
temperature of 212° F. (100° C.), another for two hours at 257° F. 
(125° C.), and a third for two hours at 302° F. (150° C.).. These 
samples were subjected to ‘tests for tensile strength and showed no 
appreciable weakening due to the heating. The sample that had 
been heated to 302° F. (150° C.) was slightly browned or scorched 
in appearance but was fully as strong as any of the other samples. 

Other samples of the same kind of twine were heated in steam. 
One sample was heated with steam at 212° F. (100° C.), another at 
239° F. (115° C.) under 10 pounds steam pressure, and a third at 
257° F. (125° C.) under 20 pounds steam pressure. All samples were 
heated for two hours. Tests of tensile strength were also made on 
these lines, and again there was no noticeable difference between the 
lines that had been heated and those that had not. 

The results of these experiments seem to indicate that a tempera- 
ture much higher than any to which fish nets or lines are ordinarily 
subjected would have to be reached before any noticeable weakening 
of the threads would take place from the heat alone. 

DISCUSSION OF RESULTS. 

That some kind of heating occurs in nets in use seems certain. 
Since it is shown here that even linseed oil must be artificially heated 
to a comparatively high temperature before it continues to heat 
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; sie neeh it seems necessary to discover some factor other than 
those that entered into the experiments to account for spontaneous 
heating of nets. In the case of fish nets, water, fish blood, slime, and 
fish oil, and also sunlight, must be taken into account. Bacterial 
decomposition might well cause an initial elevation of temperature, 
but it seems likely that the activities of the bacteria would be arrested 
and the bacteria killed before a temperature would be reached 
sufficient to kindle spontaneous heating of the oil. It should also be 
pointed out, as casting doubt on the belief that spontaneous heating 
commonly damages nets, that the high temperatures to which lines 
were experimentally exposed without damage would probably never 
be reached spontaneously. 

It may also be that the damage done to nets by spontaneous heating 
is of the nature of supposition without foundation. That nets heat 
may be a fact, that they rot is certainly a fact, but that the one causes 
the other does not necessarily follow. Other and more widespread 
beliefs than this have turned out to be erroneous. Further investiga- 
tion of the subject of spontaneous heating will be necessary before 
positive conclusion can be reached. 

GENERAL CONSIDERATION OF VARIOUS PRESERVATIVES 
IN LIGHT OF DATA PRESENTED. 

Data have now been presented concerning the effects of 23 pre- 
serving materials (or combinations and variations thereof) on cot- 

~ ton lines, and four on linen lines, with data on the untreated lines 
as controls. The data concern effects of weather conditions at 
Washington, D. C.; the sea water at Key West, Fla., Beaufort, N. C., 
and Woods Hole, Mass.; and fresh water at Put in Bay, Ohio, as 
compared with treated but unexposed lines held as controls. In all, 
393 samples were measured to length, weighed, treated, measured 
and weighed a second time, exposed to the elements, and upon 
return were tested for tensile strength, wearing quality, and stiffness, — 
and notes were taken on fouling, color imparted, and time required 

_ for treatments to dry. Where so many data are presented, bearing 
in so many tangled ways on the practical choice and improvement 
of preservatives, it will require close study to. draw useful and reliable 
conclusions. All the more so, in that the requirements of nets for 
different classes of service are markedly different. The different 
preservatives will now be considered and discussed separately. 

TAR. 

Tar is the most commonly used preservative for fish nets in the 
United States. Coal tar is used more than pine tar; sometimes the 
two are mixed. They are usually applied hot, often in a metal vessel 
by direct heat from a fire, sometimes by the use of steam. The 
direct heat process applies tar very heavily to lines, stiffens them, 
and increases weight greatly. Steam tarring applies tar to a much 
lighter extent, sometimes scarcely more than coloring the lines. In 
the present experiments coal tar, pine tar, and a mixture of equal 
parts of the two were studied. The tar was diluted by the addition 
of an equal volume of benzol and applied cold. 
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COAL TAR. 

The coal tar used was the 270° F. fraction, a thick, black, sirupy 
liquid. It contains many things, including creosote or the cresols, 
that are highly antimicrobic. Under conditions of exposure to 
weather it protects the lines well. At Key West, in sea water, it 
showed a good preserving effect on tensile strength. At Beaufort 
it held the lines in good condition for about two months, after which 
time a rapid deterioration took place. This, it is assumed, is ac- 
counted for by the fact that the creosote present at first preserves the 
lines, but when it has dissolved, the lines are no longer protected. 
In ability to resist mechanical wear coal tar is at first very good, but 
as the lines stiffen and weaken on exposure this quality rapidly 
disappears. Tar greatly stiffens the limes. Where an untreated 
cotton line swings 40 to 50 times, a tarred line swings only about 
15 to 20 times. Tar also increases the weight of lines, under con- 
ditions of application herein described, to the extent of about 50 to 70 
per cent. 

There is a noticeable increase in strength in tarred lines over the 
white lines, to which it is applied. This increase in strength, caused 
by a cementing of the fibers, is not sufficient to compensate for the 
increase in weight. The breaking length of an unexposed tarred 
line is less than that of the white line. 

In resistance to the accumulation of fouling by marine growth 
tar is poor, and the time required to dry the applied tar is 12 hours 
ormore. ‘aris cheap in material but is laborious and messy to apply. 
It colors the nets dark brown or black. 

Coal tar is suitable as a preservative for heavy nets, and when 
applied in concentration is much better than nothing on two months’ 
continuous exposure, after which it is comparatively worthless. 
Fortified with copper oleate, coal tar was an extraordinarily good 
preservative. This will be referred to later. 

PINE TAR. 

Pine tar behaves very much like coal tar, running a close second | 
to it in most respects. It does not preserve tensile strength quite 
so well, but, on the other hand, is not quite so stiffening. Little can 
be said in favor of pine tar as against coal tar. 

MIXED TAR. 

The tars mixed were also similar to the straight tars, the properties 
of the mixture being usually intermediate between those of the 
separate components. 

TANNING OR BARKING. 

Next to tarring barking is the commonest preservative treatment 
applied in this country. The use of bark is principally confined to 
gear that can not be tarred, such as gill nets and light seines. The 
barking process usually consists of dipping the net in a hot decoction 
of oak bark, cutch, or other tanning extract, in water. Since, in a 
previous paper (Taylor, 1921) it was shown that barking alone is of 
no noticeable value as a preservative (though the gear may be well 
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cleaned by it), experiments were restricted to the treatment of nets 
with a hot solution of quercitron, followed by a treatment with 
potassium bichromate, and the Dutch method. This latter method 
consists of treating the net with quercitron and following with a 
solution of 1 per cent copper sulphate in water, with 3 per cent of 
stronger ammonia water added. The experiments with quercitron, 
followed by potassium bichromate, were made in order to determine 
the effect of copper by comparison with the Dutch method. 

Both tanning methods color the lines brown and by making them 
harsh greatly impair their ability to withstand mechanical wear or 
abrasion. Also, in their effect on stiffness, there is little difference, 
both stiffening the lmes more than copper oleate but less than any 
of the other preservatives. They also shrink the lines more than 
any other preservative. 

QUERCITRON AND POTASSIUM BICHROMATE., 

Where the two methods begin to differ is in actual preserving 
effect on exposure to water, as shown by the tensile strength tests 
and also the wearing tests. The lines treated by quercitron and 
potassium bichromate at all places where tested did not last any longer 
than the untreated cotton lines. This method was therefore omitted 
from consideration in the later series. 

THE DUTCH METHOD. 

This method shows much merit. In the Key West, Beaufort, and 
Woods Hole series—that is, in all the sea-water tests—it had a 
preserving effect, as shown by tensile strength measurements, at 
first Intermediate between copper oleate and tar. At the end it was 
still intermediate, though the copper oleate and tar had changed 
places. The order of tensile strength at first was tar, Dutch method, 
and copper oleate; later, copper oleate, Dutch method, and tar. In 
addition to its effect on tensile strength, the Dutch method also 
prevented fouling almost entirely. 

On linen lines in sea water, where these two methods were also 
tried, the only preservatives worth considering were copper oleate 
and the Dutch method; quercitron and potassium bichromate did not 
show any preserving effect. The Dutch method and copper oleate 
both preserved to about the same extent at Beaufort, the lines lasting 
about four months’ continuous exposure. At Woods Hole copper 
oleate was considerably better than the Dutch method, though the 
Dutch method showed merit. 

In fresh water at Put in Bay the results were somewhat surprising. 
The Dutch method gave excellent results with cotton, baal out- 
stripping copper oleate as far as tensile strength is concerned. 

The lnen.lines treated by the Dutch method lasted only 60 days, 
while those treated with copper oleate lasted 90 days and were 
stronger than the linen lines preserved by the Dutch method. 

As appearances now stand, the Dutch method in fresh water and 
for cotton lines is best; for linen lines in fresh water, copper oleate 
excels. It must be borne in mind, however, that only one series of 
experiments has been conducted. Before these conclusions are 
entirely trustworthy it will be necessary to carry out many more tests. 
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In salt water the Dutch method proved itself to be a very good pre- 
servative, but not the best. Lines preserved by it are strong, light, 
flexible, but wear easily from mechanical abrasion and shrink con- 
siderably, and the method is somewhat troublesome of application. 
Since the quercitron and potassium bichromate method and the 
Dutch method are similar, except for the absence of copper from 
the one and the presence of it in the other, it is clear that the pre- 
serving effect of the Dutch method lies in the copper and not in the 
tanning. 

COPPER PAINT. 

This material, long used for the bottoms of boats and ships to 
prevent the entrance of marine borers and to prevent also the attach- 
ment of fouling by barnacles and other growths, has been introduced 
only recently as a preservative of fish nets. The two commercial 
samples tested in these experiments are regularly sold for the purpose. 
One (Q) is a product prepared for fish nets by a considerable thinning. 
It contains much less copper oxide than the ship’s paint. Accordingly, 
its properties that depend on body—that is, stiffness and weight—are 
somewhat less extreme than those of the straight ship’s paint (R), 
the other sample tested. This latter contains very much more 
copper. It stiffens lmes and increases their weight more than the 
other copper paint. The copper oxide present gives to lines treated 
by either of these paints a harshness that greatly reduces the wearing 
quality of lines treated by it. It is in this particular that they are at 
a great disadvantage when compared with other preservatives. They 
cause very little shrinkage but increase the weight from 60 per cent 
(Q) to 125 per cent (R). They both impart to nets the familiar 
reddish or coppery color that is seen on ships’ bottoms painted with 
them. They are expensive but are not very troublesome to apply, 
as the nets are to be put into service in water without waiting to ase. 

Both copper paints proved themselves to be most excellent pre- 
servatives of tensile strength under all conditions tested, both in salt 
and fresh water, being usually the strongest lines of all after exposure. 
They add something to the tensile strength of unexposed lines, but 
this increase is not sufficient to compensate for the added weight, as 
shown by the breaking length data. R, containing as it does a larger 
proportion of copper, is more effective under very severe conditions 
than Q, which contains less copper. When compared with the lines 
treated with copper oleate, which contained very much less copper, 
it appears that the large deposits of copper in the paints are unneces- 
sary. Copper paints entirely prevented fouling in all the experiments. 

In summary, copper paint is an excellent preservative of tensile 
strength and in preventing fouling, but is seriously lacking in wearing 
quality. It stiffens the lines and increases their weight and is de- 
cidedly expensive. It is unsuitable for gill nets and light seines. 

PETROLEUM PRODUCTS. 

These two materials, J and X, submitted for test, are prepared from 
etroleum from the Western States. They are black tarry liquids, J 
eing heavier than X. X was prepared thin so as to be suitable for 

gill nets. They impart to the line a brown color, penetrate well, and 
as far as appearances go might readily be taken as good substitutes for 
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tar. In the trials, however, they fail to show any preserving quality 
worth considering. The tensile strength of lines treated by them 
rapidly diminishes on exposure, the stiffness is greatly increased, and 
the wearing quality, while good in the unexposed lines, rapidly dis- 
appears on exposure. The failure of these materials was equally rapid 
on cotton and linen lines. 

GILSONITE. 

This material, also called Uintaite, coming as it does from the Uinta 
Mountains of Utah, is an asphalt, similar to Trinidad asphalt. It is 
sold under a proprietary name as a net dip, and this proprietary 
product was the one tested in this work. It is a black sirupy liquid 
of a bituminous odor. When applied to cotton twine, it dries in about 
24 hours, leaving the lines colored dark brown or black and of a stiff- 
ness as great as that produced by tar or copper paint. It increased 
the weight of No. 24 cotton twine when dipped 48 per cent, which is 
similar to the increase caused by tar. 

As might be expected from the results already given, which show 
that mere waterproofing or covering lines is not in itself adequate to 
preserving them against deterioration on exposure, gilsonite fails to 
show any preserving effect. At Beaufort, where it was exposed, it was 
little better than no preservation as far as tensile strength was con- 
cerned. In resistance to mechanical wear gilsonite-compared well at 
first with other preservatives, but this resistance soon disappeared 
on exposure of the samples. This substance, if fortified with copper 
oleate or some other toxic material, might be effective; but if it costs 
much more than tar, little if any advantage would be gained by sub- 
stituting it for tar. Because of general failure and disintegration of 
lines treated by it gilsonite may be dismissed as of no value as a net 
preservative. 

COPPER OLEATE. 

In our experiments this substance 1s tested for the first time as a net 
reservative. It has been tried in various concentrations and com- 
inations, and, as far as our experiments go, it shows characteristics 

that should make it valuable for preserving nets. If tensile strength 
of lines after exposure is alone taken as a measure of its preserving 
effect, copper oleate gave good results, though not always the best. 
In the Key West series it kept the lines up to their original strength 
for four and one-half months. At Beaufort the only preservatives 
that resisted six months’ exposure were copper oleate, copper paint, 
and the Dutch method. Because of a binding effect on the fibers the 
tensile strength of the lines treated with copper paint was greater than 
that of lines treated with copper oleate. At Woods Hole again all 
those lines that endured six months had copper in some form in them. 
Those preservatives that contained a protecting body in addition to 
the copper lasted better than those treated with copper oleate alone. 
At Putin Bay in fresh water copper oleate alone did not give encourag- 
ing results, but combined with tar as a binder it gave excellent results. 
The copper oleate without binder seems to disappear from the lines 
rather rapidly in the fresh water of Lake Erie. In none of the fore- 
going experiments was copper oleate applied a second time to the 
sample. The amount of copper per yard of line was very small in 



60 U. S. BUREAU OF FISHERIES. 

comparison with that in lines treated with copper paint, yet in pre- 
serving effect it occupied second place when it did not occupy first. 
In the Key West and Beaufort series, where different concentrations 
(7, 74, 11, and 124 per cent) were tried, solutions of copper oleate in 
gasoline, the higher concentrations, gave in every case better results. 
The addition of a small quantity of cresol effected no improvement, 
but the small quantity of oil seemed to increase the preserving effect. 
It is probable, therefore, that still higher concentrations than we used 
or repeated applications of copper oleate will give even better results 
and should equal any other preservative tried. 

Copper oleate does not stiffen lines to which it is applied to an 
objectionable degree. In fact, it appears to be quite suitable for 
gill nets and other soft gear, where flexibility is essential. Lines 
treated with it made about three times as many swings, acting as 
meat as lines treated with tar. The weight imparted to lines 
y the application of copper oleate is insignificant, being only about 

16 per cent of the original twine. In these two particulars—that is, 
flexibility and weight—copper oleate greatly excels tar and copper 
paint. In ability to withstand mechanical wear, lies treated with 
copper oleate are better than any other treated lines tested. In 
this particular, also, it is far ahead of copper paint, which causes 
excessive wear. 

Copper oleate prevented the attachment of marine growths to the 
lines exposed at all places, in this particular being equaled only 
by copper paint. Copper oleate when used alone, dissolved in gaso- 
line and with or without oil, imparts to the lines a color that varies 
between azure and green as concentration varies. ‘This color is said 
by some to be desirable. Japanese fishermen have introduced in 
the northwest the practice of dying green their gill nets used for 
salmon. The acceptability to different fishermen of the color im- 
parted by copper oleate will be greatly influenced by their customs 
and their notions of fish behavior. 

In ease of application and time required to dry copper oleate is 
equal to any other preservative tested. When dissolved in gasoline 
or benzol in the proportion of 1 to 2 pounds of copper oleate to 1 
gallon of solvent, the lines or nets need only be dipped in it and 
spread out to dry. Drying requires about one-half hour for cotton 
lines and two or three hours for linen or hemp. Applied in gasoline 
with a little mineral oil, then, copper oleate answers well all the 
principal requirements of a good net preservative. When copper 
oleate alone dissolved in benzol is applied to cotton twine, the copper 
oleate seems to creep to the surface of the twine as the solvent 
evaporates. The addition of about 1 pound of mineral oil or creosote 
to each 10 pounds of copper oleate prevents this creeping. Creosote 
seems preferable to oil as being cheaper and in possessing a toxicity 
of its own. 

The combination of copper oleate and tar preserves the nets better 
than either copper oleate or tar alone. After six months’ exposure 
in both fresh and salt water the samples of cotton line preserved 
with these combinations were equal in strength to the original unex- 
posed samples. It made little difference whether the copper and tar 
were applied separately, or mixed. This being so, the choice would 
be the mixture that would require less labor in being applied. This 
combination is similar to copper paint in preserving effect and to 
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tar-in weight and stiffness. In wearing quality it greatly excels 
copper paint. It would be a suitable preservative for heavy gear 
subject to continued severe exposure, such as traps and pound nets. 
Directions for applying this combination are as follows: 

Dissolve 1 pound copper oleate in 1 gallon of benzol (gasoline is 
not suitable for this purpose). Stir in, cold, 1 gallon of coal tar, 
more or less, according to the stiffness and weight that is allowable. 
Dip the net in this combination cold and dry. Avoid fire.‘ 

CHEMICAL PROPERTIES AND MANUFACTURE OF COPPER OLEATE. 

Cupric oleate Cu (C,,H,,0,), is a green substance of the consistency 
of beeswax, insoluble in water, soluble in alcohol, ether, benzol, 
gasoline, carbon tetrachloride, turpentine, oils, etc., forming emerald 
green solutions. It contains, on the basis of the formula given, 
10.15 per cent copper, by weight, though the percentage of copper in 
commercial preparations may vary between wide limits. It has a 
metallic coppery taste and is poisonous when taken internally, 
though external exposure to it is apparently harmless. 

Copper oleate may be made in a number of different ways. It is 
precipitated when sodium oleate and any soluble copper salt are 
brought together in aqueous solution. When prepared in this way, 
it is gummy and contains much water that is removed only with 
difficulty. Cupric oxide dissolves in hot acid with formation of 
copper oleate and water, but it is difficult or impossible to carry 
the reaction to completion. Copper acetate and oleic acid combine 
at an elevated temperature, whereby copper oleate is formed and 
acetic acid driven off. The latter may be condensed and recovered. 
This method produces a good product, entirely soluble, but some 
acetic acid usually remains. Moreover, copper acetate is expensive. 

The method employed in our production of copper oleate was to 
treat copper carbonate (containing also copper hydroxide) with oleic 
acid. In this reaction carbon dioxide and water are produced, and 
both are driven off by heat. Both reagents are obtainable in com- 
merce in large quantities at a low price. The current (December 30, 
1922) price of copper carbonate is 20 cents per pound, and oleic acid 
(the red oil of commerce) is 10 cents per pound. The exact pro- 
cedure as followed in the laboratory in making this material is as 
follows: 

Into a 5-gallon copper steam-jacketed kettle put 4 pounds of dry 
copper carbonate. Moisten this with enough red oil (about 1 quart) 
to make a paste; knead the paste with a wooden pestle until all lumps 
are crushed and the mass is of uniform consistency. Stir in more 
oil. As the oil is added large quantities of gas are generated, and 
constant stirring is necessary to keep the contents from running over 
the sides of the kettle. As the foaming subsides more oleic acid is 
put in until 15 pounds in all have been added. Steam is now cau- 
tiously admitted to the jacket, and with constant stirrmg the mass 
is kept from foaming over. A thermometer is kept in the mass. 
When the boiling point of water is reached, bubbles of steam escape 
rapidly. This bubbling may continue for two hours or more, until 

4 Net and twine manufacturers, or others who might be interested in the regular spades tion of this com- 
bination, should take notice that continued breathing of the vapors of benzol are harmful, and workers 
should be protected accordingly by adequate ventilation of workrooms, 
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all the water is driven off, during which time the temperature does 
not rise far above 212° F. (100° C.). When bubbles of steam cease 
to escape, the temperature will rise slowly until 45 pounds’ pressure 
of steam is maintained in the jacket, the copper oleate comes to a 
temperature of 257 to 268° F. (126 to 132° C.), and the mass is a 
thick green liquid. When this temperature is reached, an air hose 
nozzle is so placed that air is blown in and bubbles through the hot 
mass from the bottom. Stirring now helps to incorporate the air 
bubbles in the mass and to accelerate oxidation. Asthe mass absorbs 
oxygen, 1t becomes very viscid, so that a stick inserted: in it and 
brought out carries a sticky bulk which in large part hangs without 
dropping. The blowing requires about one-half hour. The blowing 
of air is, of course, for the purpose of oxidizing the mass with as 
much oxygen as it will spontaneously absorb at this elevated tem- 
perature, so as to diminish the hkelihood of spontaneous heating of 
fish nets to which it is applied. 

When the consistency just described is reached, the batch is con- 
sidered finished, a lot sample is taken, and to the batch is added the 
amount of oil necessary to prevent creeping. If oil is used, it should 
be mineral lubricating oil in the proportion of 3 pints for the 
batch as described. Later experiments, however, indicate that creo- 
sote answers the same purpose more cheaply and more effectively. 
Creosote is a good preservative itself; it prevents the copper oleate 
from creeping to the surface of lines and can be bought for 50 cents 
per gallon or less. If creosote is used, 14 to 2 pints to the batch 
quantity described is sufficient. The creosote used in the work 
herein described has the following properties: A thin mobile brown- 
ish but rather transparent liquid; specific gravity, 980; smell, smoky. 
It is the grade used for preserving wood. 
When the oil or creosote has been added and thoroughly mixed 

into the mass, the latter is poured into cans or other containers and 
set aside to cool. A record is kept of each batch, which is designated 
by number. If cans are used, they may be of the friction-top type. 
The contents of a 5-pound can will, when dissolved in 5 gallons of 
gasoline, treat between 50 and 60 pounds of cotton net. When dis- 
solved in 24 gallons of gasoline, it will treat 25 to 30 pounds of net 
with a comparatively heavy deposit of the preservative, suitable for 
severe conditions. Kor combining tar the contents of a 5-pound can 
are dissolved in 5 gallons of benzol and 5 gallons of coal tar are added 
and mixed, making about 104 gallons of a preservative, suitable for 
traps and other gear, subject to the severest exposure. The nets are 
dipped in the mixture cold and are hung out to dry. Drying takes 
about 24 hours. It may also be applied separately to the lines, as 
will be described below, the lines then to be tarred in the usual way. 

METHOD OF APPLYING COPPER OLEATE TO NETS. 

The copper oleate as canned is dissolved in gasoline. If it does not 
already contain the oil or creosote, one of these must be added in 
the quantity indicated. The cold, waxy, copper oleate dissolves 
rather slowly in gasoline, but the can may be put in boiling water 
for a few minutes, until the copper oleate is liquefied; it then dissolves 
uickly. The gasoline solution should be contained in a metal vessel 
a galvanized-iron washtub, for example); the net is dipped into this 
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mixture and hung (not piled) to dry. Any unused portion of the 
copper oleate in gasoline may be kept indefinitely in a tightly corked 
can, such as a 10-gailon oil can. For larger quantities a steel gasoline 
barrel is suitable. The treatment may be repeated as often as seems 
desirable without danger of injury to the twine. 

GRADING THE SEVERAL MATERIALS AS ALL-ROUND PRESERVATIVES. 

In the experimental part of this paper it has been shown that the 
several materials studied differ in value as net preservatives—in one 
particular respect one preservative may excel, in another some other 
preservative. The impression may have been given that in most 
respects copper oleate is best. But, just how much better is one 
preservative than another, considered generally? Some systematic 
and impartial method of attaching values to the different factors— 
such as tensile strength, stiffness, and wearing quality—by which to 
grade the several preservatives accordingly is desirable. Can we 
not derive a figure that is made up of the several values of tensile 
strength, wearing quality, flexibility, etc., that will give an indication 
of the all-round value of each preservative ? 

In deriving such a figure it is impossible to avoid making assum p- 
tions that are more or less arbitrary. It 1s also necessary to ignore the 
obvious fact that for different purposes and classes of nets the relative 
weights of the different factors are quite dissimilar. For example, 
in gill nets the necessity of flexibility absolutely dominates the 
choice of material and preservation, while in pound nets flexibility 
is of no great importance, but preservation of tensile strength, ability 
to withstand chafing or abrasion, and resistance to fouling by marine 
growths are decisive factors. 

In selecting a suitable preservative, therefore, one can not avoid a 
consideration of the relative importance of the several factors for the 
particular purpose the net is intended to serve. Nevertheless, our 
new preservative, copper oleate, is proposed for all classes of nets. 
If it can make a good score in all or most of the several require- 
ments that make it suitable for many different purposes, it is more 
desirable than a preservative that excels for some limited purpose 
and is useless for others. 

The following method of grading the preservatives for all-round 
use on cotton lines involves the minimum number of arbitrary assump- 
tions: (1) The breaking length of the treated line was first calculated, 
that is, the length of line that will just hold itself up. (2) This 
figure was then reduced to the same extent as the shrinkage was 
found to reduce the length of cotton lines on application of the 
preservative. (3) This figure was then multiplied by a factor that, 
in the case of white untreated line, brings the breaking length to 100. 
Thus, the samples were compared with white line as a standard of 
excellence. (4) The number of strokes on the wearing tester was 
multiplied by a factor that, in the case of white untreated line, 
brings the number of strokes to 100. Here, again, the samples 
were referred to white line as a standard. (5) The number of 
pendulum oscillations of the several samples (flexibility) was multi~- 
plied by a factor that, in the case of white untreated line, gives 100 
oscillations. This factor is also referred to white line as a standard. 
We thus take into the reckoning tensile strength, increase in weight, 
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shrinkage, resistance to wear, and flexibility, and by multiplying each 
by a factor, that, in the case of white line, brings each figure to 100 
we attach the same weight to the factors, and at the same time 
refer all samples to the one standard of excellence for fishing purposes, 
the new white line. The ideal preservative is that one that most 
closely keeps its twine like new white line for the longest time, and 
our composite score by its magnitude indicates the relative ability 
of the preservatives so to keep the lines. It was not practicable to 
include in the score resistance to fouling, because exact numerical 
expression for this factor was lacking. Allowance for it would raise 
the values for copper oleate and copper paint alike with respect to all 
the others, for only these two preservatives prevented fouling. 

The new untreated, unexposed cotton line, No. 24, cable-laid, hard- 
finish, scored in the way described 300, or 100 for each of the three 
different factors, derived as follows: 

Let 
T=tensile strength in pounds of sample. 

W=weight in pounds per 100 feet. 

ya breaking length in hundreds of feet. 

S,=original length, in hundreds of feet, of sample before treating. 

S,=length, in hundreds of feet, of sample after treating. 
S : - =i 
== Xqp= breaking length, in hundreds of feet, of sample after treating. 
onl 

F=flexibility=number of swings of pendulum. 

A=number of strokes on wearing machine, 

For white line: 

— F,=the factor that brings the shrunken breaking length of 
Sapa white line to a value of 100. This white-line factor is 
SW. used in bringing the shrunken breaking length of treated 

line to a common standard. 

y= Py=factor that brings the flexibility of untreated white line 
to a value of 100. This white-line factor is used for the 
treated line. 

+ = F,=factor that brings the wearing ability of white line to a 
value of 100. 

Then, the full score of any sample is the sum of the three separate scores, shrunken 
breaking length, flexibility, and wearing ability, 

SX pX PtP Pt AP, 

In Table 25 are given the numerical values of the scores of all lines 
in the Beaufort and Woods Hole series. The same data are pre- 
sented in graphic form for the several preservatives in Figure 34. 
It is seen that treatment by any preservative whatsoever causes a 
reduction in the score. 
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Fic. 34.—Scores of the several preservatives showing their relative values applied to 
cotton line, tensile strength, wearing quality, flexibility, shrinkage, and increase in 
weight considered. New untreated white cotton line is the standard, scoring 300. 

TABLE 25.—Scores of cotton lines at Beaufort, N. C., and Woods Hole, Mass. 

Number of months exposed. 

Symbol and treatment. Tests. on 

a S| ee at length..-.} 100.0 
Wearing quality. . 100. 0 

A—W hite line, untreated control. |4 Flexibility........ 100. 0 

Totals ott. .i3 300. 0 

Breaking length...) 55.0 
Wearing quality. .| 55.0 F—Coal tar 50 per cent, benzol | Pare 

50 per cent. 2 Flexibility........| 60.5 

| otal Wes. 170. 5 

Breaking length...| 60.0 
G—Pine tar 50 per cent, benzol |} Wearing quality. .| 45.0 

50 per cent. Flexibility --...... 72.0 

Motal lee. 177.0 

|(Breakinglength...| 67.0 
H—Coal tar 25 per cent, pine tar || W earing quality 47.5 

25 ac cent, benzol 25 per |; Flexibility........ 58. 5 
cent. 

boy) gee 173. 0 

I—Quercitron mordanted with 

86.0 
Wearing q uality. . 14.3 

potassium bichromate. 09. 0 Flexibility ........ 1 

ps length... 
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Taste 25.—Scores of cotton lines at Beaufort, N. C., and Woods Hole, Mass.—Contd. 

Symbol and treatment. Tests. 

Breaking length... 
Wearing quality. . 

J—Petroleum product No. 1..-.- Flexibility........ 

Total. eise 

Breaking length.. - 

L—Dutch method, quercitron |] Wearing quality. . 

mordanted with ammoni- |, Flexibility ........ 

acal copper sulphate. 
Motaliscne ass 

Breaking length... 

M—Copper oleate 7} per cent in err sel é 
gasoline. ira 

Total). t\-3 

Breaking length... 

N—Copper oleate 123 per centin || Wearing quality. . 

gasoline, 5 per cent paraffin Flexibility .......- 
oil, 1-1000 parts cresol. 

Total... -e- 

Brake lenge ae 
° i ity. . 

O—Copper oleate 124 per cent in carrie Gu gasoline. Flexibility -....... 

Mota ile sasts 

Breaking length... 

P—Copper oleate 124 per cent in || Wearing quality. . 

gasoline, 2 per cent 1n par- |; Flexibility.......- 

affin oil. 
Totalessn-e. 

Breaking length... 
Wearing quality. . 

Q—Copper paint No. 1.......--- Flexibility ........ 

Totalz. 5222 

Breaking length... 
Wearing quality. - 

R—Copper paint No. 2......-..- Flexibility ........ 

Totaleen . J: 

Breaking length... 
Wearing quality. . 

S—Gilsonite........ Bocepescue tae Flexibility .......- 

Totalonye 

Breaking length... 
Wearing quality. . 

X—Petroleum product No. 2....|; Flexibility .......- 

A Nort ts Ae oe 

Breaking length... - 

Y.—Copper oleate 15 per cent, |} Wearing quality. . 
benzol 35 per cent, coal tar |; Flexibility.......- 

50 per cent. 
Total 4. 420.1 

Breaking length... 

Z—Copper oleate 15 per cent in || Wearing quality. . 

pasate followed by coal |; Flexibility........ 

ar. 
Total yc aecoe 

AA—Copper oleate 15 per centin | herr mnie ahi 

gasoline. 

i length... 

Number of months exposed. 

74.0| 75.0 

224.0 | 211.0 

57.0] 585 
84.5 | 70.5 
72.5 | 94.5 

214.0 | 223.5 

88.0 | 77.0 
64.0 | 44.0 
112.0 | 123.0 

264.0 | 244.0 

44.0 

59. 0 

66. 5 
26. 4 
94.5 

187.4 

72.0 
36.5 
137.0 

245. 5 

266.1 | 261.8 

193.5 | 242.9 

59.5 | 74.5 
36.0} 39.0 

115.0 | 94.0 

220.5 | 207.5 

81.5] 63.0 
18.6 | 28.8 

166. 0 | 170.0 
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The only lines that at any time make a higher score than white line 
are the line, M, treated with copper oleate, after the first and second 
month, and P, another line treated with copper oleate, after the first 
month. The Dutch method, L, makes a good score. The copper 
paints, Q and R, at first make a poor showing because of excessive 
weight and low wearing ability, but because of a good preserving 
effect they occupy a high place, compared with others, after three 
months. The tarred lines, P G, and H, all make similar scores but 
are intermediate between the better and poorer preservatives. In 
Figure 35 these lines are grouped for amore convenient interpretation. 

200 NBS 

Fic. 35.—Scores of the preservatives shown in Figure 34, with the preservatives 
having a similar effect grouped. 

The samples treated with copper oleate easily lead as all-round 
preservatives when rated by the method described, the copper paints 
and the Dutch method show merit, the tarred samples are somewhat 
better than nothing, and the quercitron and potassium bichromate 
method and three proprietary preservatives do not score at any point 
as high as the plain white line. 

The striking fact, already mentioned, is again evident in this con- 
nection, that those preservatives that contain copper in some form 
deposited in the lines are best—copper oleate, the copper paints, and 
the Dutch method. It is plain that in the Dutch method copper is 
the active ingredient, for in the quercitron and potassium bichromate 
method the same tanning extract mordanted without copper is ineffec- 
tive. Since copper seems essential in a net preservative, the form that 
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carries with it fewest incidental objections, such as stiffness, increase 
in weight, and wearing quality, is preferable. Copper oleate is 
undoubtedly best in all these particulars. 

TABULAR SUMMARY. 

For convenient reference and comparison a summary of the prop- 
erties of the various preservatives 1s given in Table 26. 
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er oleate with- 
Sindee 

Tar (pine, coal, and 
roan 

Copper paint Nos. 1 and 2. 

Petroleum product 
Nos. 1 and 2. : 

Gilsonite............ 

Tanning extract 
(quercitron) with 
potassium bichro- 
mate as a mordant 
(copper omitted). 

Dutch method. ..... 

Copper _ oleate-tar 
combinations. 

Tensile strength. 

Causes immediate diminu- 
tion By lubrication of 
fibers; thereafter tensile 
strength remains con- 
stant over long period; 
excellent preservative. 

Immediate diminution of 
tensile strength followed 
by marked increase, 
which drops off after 
two mont in salt 
water. 

Slight immediate increase 
followed by marked in- 
crease, which remains 
quite constant even after 
long exposure; good 
preservative. 

Very little immediate 
change; product No. 1 
shows marked increase 
after a short time; prod- 
uct No. 2 shows little 
change; both decrease 
very rapidly on being ex- 
posed; poor preserva- 
tive. 

Slight immediate decrease 
followed by rapid de- 
crease during time of 
exposure; poor preserva- 
tive. 

No immediate change in 
tensile strength; little 
change noticed on Key 
West and air conditions 
lines, but strength de- 
creased rapidly on Beau- 
fort lines; poor preserva- 
tive as used. 

Practically no immediate 
change; experimental 
lines at all places en- 
dured 6 months with 
some tensile strength 
remaining; good preserv- 
ative, especially for 
cotton lines. 

Slight immediate decrease 
followed by marked in- 
crease which remains 
quite constant through 
long exposure; strength 

, after 6 months unim- 
paired. 

Wearing quality. 

Preserves wearing quali- 
ties over long periods in 
salt water, but not in 
fresh water. 

Very good on_ freshly 
treated lines but di- 
minishes rapidly on be- 
ing exposed; exposed 
lines not so good as cop- 
per oleate. 

Poor resistance to me 
chanical wear. 

Product No. 1 when fresh- 
y pole resists me- 
chanical wear better 
than any other preserva- 
tive; product No, 2 re 
sists Wear only moder- 
ately well; about one- 
half as well as No, 1; on 
exposure both rapidly 
lose resistance to wear. 

Resistance to mechanical 
Wear very good when 
freshly treated, but this 
quality soon disappears 
When the line is ex- 
posed. 

WENy (POON. 202-5 e-esees n= 

Is exceeded only by the 
white untreated linc; 
Wearing qualities excel- 
lent even after long pe- 
Tiods of exposure. 

TaBLE 26.—Summary of properties of net preservatives. 

Flexibility. 

Flexibility considerably 
increased immediatel 
after treating; this flexi- 
bility decreases after 
two or three weeks to 
an equality with un- 
treated line; twine re- 
mains soft and pliable; 
suitable for gill nets. 

Very stiff; fewer oscilla- 
tions of pendulum than 
any other preservative. 

Causes immediate stiffen- 
ing, but not to as great a 
degree as tar; copper 
aint No, 1 remains 
fairly constant, while 
copper paint No. 2 con- 
tinues to grow stiffer. 

Causes considerable stif- 
fening which increases 
for 3 or 4 weeks and 
then remains constant. 

Causes a little immediate 
stiffening and grows 
gradually stiffer for 
about 4 weeks; about 
like tar. 

Flexibility of line little 
affected. 

Flexibility of line ver: 
little aivected. uf 

Depends on percentage of 
tar used; where 50 per 
cent of tar is used the 
flexibility is about equal 
to that of copper paint; 
after 2 or 3 months’ ex- 
posure it becomes very 
much more flexible than 
copper paint. 

Very little fouling; a 
few barnacles were 
in evidence, but no 
hydroids or other 

Shrinkage. Increase in weight. Fouling. 

Shrinkage very small; | Increasein weight not 
causes about 0.5 to eat; average of all 
1.5 per cent decrease mes treated shows 
in length after one about 16.5 per cent 
application. gain in weight. as 

Shrinkage not great, 
but a little more 
than copper oleate; 
averaged 2.22 per 
cent on one applica- 
tion. 

Very little shrinkage; 
about 0.5 per cent on 
one application. 

Shrinkage about 2 per 
cent on one applica- 
tion. 

Considerable shrink- 
age as compared to 
most other treat- 
ments, this line 
showing 3.48 per 
cent ecrease in 
length on one appli- 
cation. 

Seer compara- 
tively large, as with 
most preservatives 
applie hot; de- 
crease in length 3.6 
per cent on one ap- 
plication. 

Shrinkage very little, 
about 0.5 per cent. 

applied. 

Increase in weight 
very high, especially 
in case of coal tar; 
average increase 56.8 
per cent when ap- 
plied from 50 per 
cent benzol solution. 

Greatest increase in 
weight ofall preserv- 
atives studied; co; 
per paint No. 1, 65 
per cent; copper 
paint No. 2, 127 per 
cent. 

Increase in weight 
averages about 41.9 
per cent. 

Increase in weight 46 
per cent. 

Very little increase in 
weight; about 10 per 
cent. 

Increase in weight 20 
per cent. 

Great imerease_ in 
weight; about 60 per 
cent. 

growth appeared on 
4 months’ exposure, 

Lines contained heavy 
growth of hydroids 
and barnacles. 

No fouling of any sort 
after 6 months’ ex- 
posure. 

Lines contained heavy 
growth of hydroids 
and barnacles; pre- 
servative seems to 
have no antifouling 
quality. 

Lines exposed for 
short time are laden 
with heavy growth 
of hydroids and bar- 
nhacies. 

Lines carried heavy 
growth of hydroids 
and barnacies. 

Not much fouling after 
5 months’ exposure 
in sea water at Beau- 
fort, N.C 

No fouling in any ex- 
periments. 

Time required for 
application. 

Lines or nets can be 
treated in short 
time; should be im- 
mersed for 5 or 10 
minutes and will 
dry in about one- 
half hour, 

Much labor and time 
Tequired to treat 
line; from 24 to 36 
hours required for 
drying. 

Not much labor or 
time required; dry- 
ing before use un- 
necessary. 

24 to 36 hours required 
for drying. 

Requires but little 
time to apply, but 
is rather slow dry- 
ing; about 24 hours 
required. 

Two treatments with 
the extract and one 
treatment with the 
mordant; about 24 
hours required for 
entire process, in- 
cluding time of dry- 
ing. 

Time required same 
as that of tanning 
extract listed above. 

Color. Value as a preservative 
‘esh water. 

Color varies from a | Used alone on cotton 
light een to a 
darker bluish green, 
depending upon con- 
centration of the 
preservative. 

Dark brown or black... 

Dark brown........... 

24 to 30 hours. ...-....]....- do 

lines it is not of much 
value; on linen line 
results are much 
better. 

No experiments with 
tar alone have been 
made in fresh water. 

Tensile strength undi- 
minished at end of 
6 months’ exposure; 
no difference in be- 
havior in fresh or 
salt water. 

No value as a presery- 
ative for fresh water. 

tried in fresh 
water. 

No experiments. 

Better in fresh water 
than in salt water for 
cotton, but not as 
good as copper oleate 
for linen in fresh 
water. 

Preserving effect on 6 
months’ 
same for fres 
salt water. 

exposure 
and 
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POND CULTURE AND ITS APPLICATION. 

Among the fresh-water fishes most desirable for food purposes 
and for sport-fishing there are certain species, such as the basses, 
crappies, sunfishes, and catfishes, that are not susceptible to manipu- 
lation for the taking and impregnation of their eggs, but must be 
allowed to mate and select nests, on which the spawn is deposited, 
fertilized, and hatched in the natural way. For the cultivation of 
these species, therefore, it is necessary to provide surroundings 
fulfilling their requirements, and at the same time permitting con- 
trol of the fish, which purpose is accomplished by the maintenance 
of natural or artificial ponds. These ponds are stocked with the 
maximum number of adult fish, and the young hatch in numbers 
abnormal for the volume of water in which they are contained, 
there to be reared for a few weeks or months and then distributed 
to other waters as desired. The pond itself affords sustenance to 

1 Appendix II to the Report of the United States Commissioner of Fisheries for 1923. 
B. F. Doc. 948. The first edition of this paper, Bureau of Fisheries Document No. 643, 
was published in 1909, and various reprints have been issued. 
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the young, and therefore the pond is the direct object of attention 
in order to produce the maximum number of fish. Fish culture 
under these conditions is consequently intensive pond culture, and 
in the United States the term “ pond culture” distinguishes this 
branch of fish culture from the propagation of all fishes whose eggs 
can be expelled and fertilized artificially or which are incubated in 
hatching houses by the use of special apparatus and equipment. 
The species to which it is eapplied are chiefly the black basses, 
crappies, sunfishes, and catfishes. 

The propagation of the Salmonide, notably the trouvts, approaches 
pond culture in the fact that several species are often reared in 
ponds, whereas the other fishes hatched in special equipment are 
usually distributed as fry as soon as the yolk sac is absorbed. How- 
ever, although the cultivation of the trouts in this country may re- 
quire ponds in which to rear the young, the different service the 
ponds perform and the different management required place Ameri- 
can trout-rearing methods outside the proper definition of pond cul- 
ture.2 In Europe the case is not wholly similar; although in a few 
instances American methods have been adopted, the term “ pond 
culture ” usually embraces the rearing of trout by much the same 
methods as are in the United States pursued only with fishes that 
can not be artificially spawned; that is, the young trout may not 
be fed artificially but often subsist in large part upon the natural 
food supply induced by culture of the ponds. 

IMPORTANCE OF AQUATIC PLANTS IN POND CULTURE. 

Since the young of the species of fishes to which pond culture is 
applied in the United States can not be successfully confined in 
the troughs or small ponds of the American trout breeder and do 
not accept artificial food, they must depend for sustenance upon 
minute forms of animal life found in the waters and upon one an- 
other. At a very tender age they develop cannibalistic tendencies, 
and even where there is apparently an abundance of natural food 
they may reduce their own numbers 60 to 80 per cent within a month 
or six weeks from the time of hatching. It is therefore necessary 
in pond culture to provide not only sufficient natural food to satisfy 
the physiological requirements of the young fish, but, so far as pos- 
sible, an abundance that. will divert them from the tendency to 
devour one another. 

2It may not be amiss here to point out the distinction between trout culture by 
American methods and pond culture proper by reference to the procedure and the con- 
ditions at an American trout hatchery. Trout are not dependent upon natural food and 
do not require a natural environment. It is customary to rear them in wooden troughs 
or in small rectangular ponds of earth, wood, or concrete, through which there is a con- 
stant flow of water containing no visible plant or animal life. The water supply may 
come directly from a spring or from an artesian well. At many of the most successful 
commercial trout establishments in the United States the troughs and rearing ponds are 
supplied with water from artesian wells from 25 to 100 feet in depth. As the daily 
feeding of a large number of fish in a confined area necessitates frequent cleaning, any 
seeds or spores of vegetation introduced by the water supply have little or no oppor- 
tunity to obtain a foothold. The trout fry will eat artificial food from the time the 
yolk sae has been absorbed, and by a judicious arrangement of troughs, tanks, or small 
ponds the trout raiser can maintain a very large number of fish within a comparatively 
small compass until they are of satisfactory size for distribution or for market. His 
dependence is artificial food or the artificial introduction of natural food, and without 
these means he would be powerless to conduct operations on an extensive scale. In 
eeticen trout culture aquatic vegetation, so essential in pond culture, is but a negative 
actor. 
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Through the necessity for natural food, then, comes the primary 
importance of aquatic plants in pond culture. All animal life is 
dependent, directly or indirectly, upon plant life, the minute forms 
as well as many of the larger feeding directly upon plants, and the 
herbivorous species in turn serving as food for the carnivorous. In 
the beginning the young fishes feed upon water lice, nymph larve, 
and other minute forms. As they develop in growth they feed upon 
small crustaceans, insect larve, and other forms that are not. ordi- 
narily abundant except in an environment with abundant vegetation. 
Aquatic plants are therefore the food-producing agency in pond cul- 
ture and are accordingly indispensable. It is also obvious that. by 
a judicious selection of plants the quantity of food can be maintained 
at the maximum, with corresponding results in the production of 
young fish. 

It is the consensus of opinion among pond culturists that plants are 
essential also for the proper aeration of the water. At a trout hatch- 
ery the fish are supplied with the necessary air by means of a con- 
stant flow of water; in pond culture the volume of water supply is 
often little, if any, more than enough to compensate for evaporation 
and leakage, and the oxygenation from this source is limited. The 
balanced aquarium is a well-recognized illustration of the value of 
plants as oxygenators. Although there are many factors entering 
into the aeration of the waters at a pond-culture station that do not 
apply to the balanced aquarium, and it may be assumed that the 
larger the body of water the more must other factors than those of 
the balanced aquarium be considered, there can be no doubt as to the 
role of vegetation in the aeration of shallow ponds of limited area. 

It is perhaps superfluous to add that submerged plants bind the 
bottom soil together, thus acting as a deterrent to turbidity from that 
source; and that plants doubtless facilitate clarification when the 
water of a pond has become turbid with surface drainage after a 
rain or from other external causes of a temporary character. As 
an evidence of this the numerous reservoirs or “tanks” in the 
West, which are devoid of vegetation and in which the water is 
constantly roiled, may be cited. It is possible that in some instances 
the absence of vegetation is due to the constantly roily water, a 
condition elsewhere referred to; but control tests in aquaria dem- 
onstrate that in an aquarium containing Cabomba the water is 
clarified much more quickly than in one in which there is no vegeta- 
tion. 

Some other advantages of aquatic plants that are of more or 
less importance may be mentioned, such as shade, shelter from 
predacious birds, and refuges for the smaller fishes from the larger 
ones and from each other. The ornamental feature of some plants in 
some places is of minor importance from the viewpoint of the 
fish-culturist, but all of these have been given consideration. 

OBJECTIONABLE ASPECTS OF POND VEGETATION. 

Notwithstanding their essential importance in fishponds, however, 
and the careful effort requisite to the securing of suitable vegeta- 
tion, in one aspect nearly all aquatic plants are to the pond culturist 
wholly a nuisance and a necessary evil. The seining of the ponds, 
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to obtain the young fis: for distribution to waters they are intended 
to stock, or for other purposes, can not be accomplished while thick 
plant growth is present to entangle the fish and interfere with the 
operation of the seine, and there is thus a periodical necessity of 
clearing away or at least reducing all gross vegetation. This process 
is laborious and expensive; the cost of operating a pond-culture sta- 
tion is, in fact, largely the cost of this periodic clearance of the ponds 
and varies with the characteristics of the predominating species of 
plants. Methods in practice at several stations are described in a 
later portion of this paper. 

Particular kinds of vegetation may be objectionable also in specific 
ways other than with reference to the difficulties of removal at sein- 
ing time. Large-leavea plants may offer too much shade to permit 
other plants and the requisite animal life to thrive; plants of per- 
sistent growth may take possession of the ponds and crowd out 
species more desirable; or plants not in themselves objectionable may 
not be desired because other obtainable plants are more desirable for 
the same qualities. The question becomes one of control. Wher- 
ever there is soil bottom vegetation is voluntary, springing up im- 
mediately even in artificial ponds, and any attempt to prevent the 
entrance by natural agencies of water plants common to a region 
is fraught with much the same difficulties that are encountered in 
the attempted exclusion of weeds from a garden. It remains to 
secure the balance that will bring the conditions nearest to the ideal. 

AQUATIC PLANTS AT THE POND-CULTURE STATIONS OF THE 
BUREAU OF FISHERIES. 

With its wide geographic range the Government work in pond 
culture naturally embraces a variety of conditions and affords inter- 
esting and profitable comparisons. The climate, the quality and 
temperature of the water, the character of the soil, as well as other 
factors, make the management of each pond-culture station a sepa- 
rate problem. The inevitable dependence upon a natural food sup- 
ply for the young fish, however, concentrates the efforts in such work 
about the great factor of vegetation and, next to water supply, makes 
the selection and control of aquatic plants in ponds the most im- 
portant question with which the pond culturist has to contend. The 
popularity of the basses, crappies, and sunfishes, moreover, and the 
feasibility of increasing their numbers by cultivation make pond cul- 
ture a subject of especial interest to people everywhere in the United 
States, and the Bureau of Fisheries is constantly receiving inquiries 
and requests for information. The following notes are therefore 
thought to have interest and value not only to the professional fish- 
culturist but to the public generally. They represent efforts to col- 
lect specimens of all the aquatic plants found at the various pond- 
culture stations of the bureau, with observations of the respective 
superintendents as to the particular value of the desirable species and 
the objectionable characters of the undesirable. It is hoped thus 
to aid in determining the relative value of each, or at least to afford 
data that will be useful in future work, at the same time empha- 
sizing the fact that present knowledge of the subject is all too limited. 
These notes are not based upon biological or other scientific investi- 
gation, but are gained from the observations and experience of prac- 
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tical fish-culturists. They are presented, moreover, as pertaining 
only to the particular field of pond culture conducted by the bureau. 
Their application beyond this is yet to be determined. 

It may be assumed that all aquatic plants harbor a certain amount 
of minute animal life. In the following descriptions, therefore, the 
term “ food producer ” is applied to plants conspicuous for the large 
quantity of small animal forms living or breeding thereon. The 
term “ oxygenator” is applied to plants believed to be especially use- 
ful in keeping water in a proper condition by throwing off oxygen. 
The word “shelter” is applied to plants that afford the small fish 
a hiding place and protection from the large ones and serve as an 
aid to the prevention of cannibalism among the fishes. The term 
“ornamental ” is used to designate those plants that extend above the 
surface and beautify the ponds. The depth of water in which the 
plants are found as here mentioned applies to the ponds of the 
respective stations in question. It is recognized that some of the 
plants thrive in much deeper ponds and lakes. In most instances the 
plants described under the various station heads are indigenous, hav- 
ing appeared voluntarily. There are no records to show to what ex- 
tent plants have been introduced, but undoubtedly some of the more 
desirable plants have been introduced, largely through transfer from 
one station to another. 
Common names of the plants are given, but as these are often of 

restricted local application the botanical nomenclature also is used, 
and for more ready identification figures have been inserted for 
almost every species. Al but one of the cuts are copied from Britton 
and Brown’s Illustrated Flora of North America. The figure of 
Chara is taken from the Text Book of Botany by Strasburger, Noll, 
Schenk, and Schimper. The geographical range of the respec- 
tive species likewise is taken from these authorities. 

For the identification of a large number of these plants the bureau 
is indebted to Messrs. J. N. Rose and G. H. Shull, of the United 
States National Herbarium, Smithsonian Institution, and also to 
the division of botany, Department of Agriculture. 

COLD SPRINGS, GA. 

At this station the water supply comes from a large spring, and the 
maximum water temperature is about 82° F. The water contains 
only a trace of lime, and.as a result some difficulty has been ex- 
perienced in stocking the ponds with aquatic plants, but efforts in 
this direction have resulted as follows, as reported by a former super- 
intendent : 

For ponds with fairly fertile bottoms with an admixture of muck 
and clay, the foxtail (Myriophyllum spicatum) excels all other 
species. It makes an ideal growth, affords abundant cover for the 
fish and for the minute life upon which the fish feed, and is appar- 
ently a good oxygenator. At the same time it offers but little ob- 
struction to seining operations owing to its slender, feathery growth. 
Even for ponds having rich muck bottom it has been found most 
satisfactory, though in such ponds considerable work is required to 
remove it when preparing for seining. 

For ponds with sterile bottoms of clay, sand, or gravel, where fox- 
tail will not thrive, parrot-feather (Myriophyllum proserpinacoides) 
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attains an excellent growth and affords abundant lodgment for 
minute aquatic life and for the alevins; it also provides a sufficient 
amount of shade for the brood fish and suitable cover for their nest- 
ing places. Large-mouthed black bass seem to prefer the fibrous 
roots of these plants to all other nesting materials. Both plants dis- 
appear from the warmest parts of the ponds by midsummer and are 
replanted in the fall or following spring. Near the inflow, especially 
of ponds that are abundantly supplied with water, the plants thrive 
throughout the year. The parrot-feather is more susceptible to high 
temperatures than the foxtail. These two plants have proved so 
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Fig. 1.—Spiked water milfoil (Myri- ets i 
ophyllum spicatum). Found in Fig. 2.—Chilean. water milfoil (Myri- 
deep water, Newfoundland _ to ophyllum_ proserpinacoides). Na- 
Manitoba and the Northwest Ter- tive of Chile, introduced in vari- 
ritory, south to Florida, Iowa, ous localities in the United States, 
Utah, and California. Commonly where it is known chiefly as 
known as foxtail. (After Britton “parrot-feather.”” (After Britton 
& Brown.) & Brown.) 

satisfactory at Cold Springs that there has seemed little occasion to 
experiment with other species. 

FISH LAKES, WASHINGTON, D. C. 

Although the Fish Lakes at Washington are no longer maintained, 
observations upon the characteristics of the plant life are valuable 
for purposes of comparison. The bottoms of the ponds were of dark 
fertile soil, the maximum water temperature was about 87° F., and 
the plant growth was extremely dense. Whether the elimination of 
some of this luxuriant growth would have resulted in a decrease in 
the production of young fish is theoretical. This station had been 
in operation nearly 30 years, and the lakes contained an unusually 
large number of plants when these observations were made. 

The hornwort (Ceratophyllum demersum) is especially good as a 
food producer and shelter, is fairly good for shade, is a good oxy- 
genator and a good aquarium plant, has little root anchorage, and 
will grow over hard bottom. It is found in 2 to 4 feet of water, 
extending to the surface, but not above it. It was considered the best 
plant in the ponds. 
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Fanwort (Cabomba caroliniana) also is especially good as a food 
producer, as a shelter, and for aquarium work, and is given second 
place. It is regarded as a good oxygenator and as fairly good for 

Fie. 4.—Fanwort (Cabomba 
caroliniana). Found in ponds 

Fic. 38.—Hornwort (Ceratophyllum demersum). and slow streams, southern 
Found in ponds and slow streams throughout Illinois to North Carolina, 
North America, except extreme north. (After south to Florida and Texas. 
Britton & Brown.) (After Britton & Brown.) 

shade and, like the hornwort, has little root anchorage and will grow 
on hard bottom. It is found in 1 to 4 feet of water and extends 

yyy LTPP FE 
YLT LIL LIER LED YALL ESS 
Sa 

Fig. 5.—Curled-leaved pondweed 
(Potamogeton crispus). Found 
in fresh, brackish, or even salt 
water, Massachusetts to Pennsyl- Fie. 6.—Leafy pondweed (Potamogeton 
yania and Virginia. Also in Eu- foliosus). Niagara Falls to Michigan 
rope. (After Britton & Brown.) and California. (After Britton & Brown.) 

The curled-leaved pondweed (Potamogeton crispus), a good food 
producer, oxygenator and aquarium plant, good for shelter, shade, 
and ornament, is one of the earliest plants to put forth shoots, and is 

53391°—23- 2 
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therefore valuable for early spawning fishes, such as the goldfish 
and carp. It is found in 2 to 5 feet of water, reaching to the 
surface. 

Fic. 7.—Wild celery, or eelgrass (Vallis- 
neria spiralis). In quiet waters, New Fig. 8.—Slender Naias (Naias flezrilis). 
Brunswick to Florida, west to Minne- Found in ponds and streams through- 
sota, Iowa, and Texas. (After Britton out nearly all North America. 
& Brown.) (After Britton & Brown.) 

Another Potamogeton (foliosus), the leafy pondweed, also good as 
a food producer and oxygenator and for shelter, is found in 2 to 4 
feet of water, extending to but not above the surface. 

Fig. 10.—Water stargrass (Hete- 
ranthera dubia). Found in 

Fig. 9.—Waterweed (Philotria canaden- still water, Ontario to Oregon, 
sis). Found nearly throughout North south to Florida and Mexico. 
America, except extreme north. (After Also in Cuba. (After Britton 
Britton & Brown.) & Brown.) 

The wild celery, or eelgrass (Vadllisneria spiralis), is found to be 
a good oxygenator and is a desirable plant because of its early 
growth. It is also good for shade and shelter and is an excellent 
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aquarium plant. It is found in 2 to 4 feet of water, extending to 
but not above the surface. . 

The slender naias (Naias flevilis), which is a good food producer, 
is good for shelter, is regarded as a fair oxygenator, is somewhat 
ornamental, and is a fairly good aquarium plant. 

The six plants so far mentioned have been listed in the order of 
esteem as held by the superintendent of the Fish Lakes. The 
remainder of the list for this station does not follow any par- 
ticular order, but, as before, the good or bad qualities the super- 
intendent believed the plants to possess are noted in each case. 

The waterweed (Philotria canadensis), which grows in 2 to 4 feet 
of water, extending to, but not above, the surface, is a good food 
producer and a good oxygenator, is good for shelter, and is valuable 

Fig. 12.— Tuberous white water lily 
Fic. 11.—Needle spike-rush (Hleocharis (Castalia tuberosa). Lake Champlain 

acicularis) . Found in _ wet = soil west through Great Lakes to Michigan, 
throughout North America, except in south to Trenton, N. J., Meadeville, 
extreme north. Also in Europe and Pa, and eastern Nebraska. (After 
Asia. (After Britton & Brown.) Britton & Brown.) 

for its early growth. It also makes a good aquarium plant, but is 
dangerous in ponds, however, owing to its dense growth. 
Water stargrass (Heteranthera dubia) has the same merits as the 

waterweed, being a good food producer, fair oxygenator, and excel- 
lent for the shelter it affords and for its early growth. It is found 
in water 1 inch to 4 feet deep. 

The needle spikerush (Hleocharis acicularis) is of very little value 
except for its early growth. The fine, smooth culms are very easily 
cleaned by the large-mouthed black bass, which cast their spawn 
upon them. 

One of the water lilies (Castalia tuberosa), which furnishes shade 
_and shelter, is ornamental and of value because of its early growth. 
It serves as a good protection to young fish from predacious birds. 

Floating heart (Limnanthemum nympheoides), although but 
fairly good as a food producer, is excellent for shade, shelter, and 
ornament and is fairly hardy. 
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The fennel-leaved pondweed (Potamogeton pectinatus) is some- 
what objectionable on account of its excessive growth. It is, 
however, a good food producer and a fair oxygenator and is fairly 
good for shelter. It is found in 1 to 4 feet of water. 

The pickerel weed (Pontederia cordata), found in 6 to 12 feet of 
water, 1s not especially valuable in fish culture, although it has some 
merit for ornamental qualities, for shade, and for shelter. It is not 
thought to be a good oxygenator or food producer. 
The two duckweeds (Spirodela polyrhiza and the more common 

Lemna minor) are not highly esteemed, though not especially ob- 
jectionable. The larger form is quite ornamental, and both are of 
early growth. For fish-cultural purposes, however, their poor 
qualities as food producers and oxygenators make them insignificant. 

The water clover (J/arsilea quadrifolia) is excellent for shade and 
shelter and is ornamental and of early growth. It is objectionable 

Fic. 14.—Fennel-leaved pondweed (Pota- 
Fie. 13.—Water lily, or floating heart mogeton pectinatus). Found in fresh, 

(Limnanthemum nympheoides). Nat- brackish, or salt water, Cape Breton 
uralized in ponds, District of Colum- to British Columbia, south to Florida, 
bia. Native of Europe and Asia. Texas, and California. Also in Eu- 
(After Britton & Brown.) rope. (After Britton & Brown.) 

in shallow ponds, however, completely covering the surface to a 
depth of about 2 feet. 

At this station the limeweed (Chara) is valued as a food producer, 
harboring the small forms that are especially good as food for 
young fish, and as an oxygenator it is found remarkable. It is fairly 
good for shelter and as an aquarium plant. 

The spatterdock (Vymphwa advena) is valued chiefly as an or- 
nament and for the shade and shelter it affords. It is also of early 
growth, but it is a poor food producer on account of its long, smooth 
stems, which do not provide favorable breeding places for insect 
larve or other minute animal life. It is found in 1 to 4 feet of . 
water. 

The long-leaved pondweed (Potamogeton lonchites) does not rank 
with the two other Potamogetons mentioned here, being but fairly 
good in any of the important respects. 
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The water chestnut (7’rapa natans), though fairly good as a food 
producer and for shelter, shade, and ornament, is of negative value 
in fish culture. 

Fic. 16.—Greater duckweed (Spirodela 
polyrhiza). Found in rivers, ponds, 
pools, and shallow lakes, Nova Scotia 

Fic. 15.—Pickerel weed (Pontederia cor- to British Columbia, south to South 
data). Borders of ponds and streams, Carolina, Texas, northern Mexico, 
Nova Scotia to Minnesota, south to and Nevada. Widely distributed in 
Florida and Texas. (After Britton the Old World and tropical America. 
& Brown.) (After Britton & Brown.) 

Fic. 18.—Water clover (Marsilea quadri- 
Fic. 17.—Lesser duckweed folia). Found along the shores of 

(Lemna minor). Found Bantam Lake, Litchfield County, Conn., 
in ponds, lakes, and stag- whence it has been introduced into 
nant waters throughout various parts of the country, notably 
North America below 58° eastern Massachusetts. Native of Eu- 
N. lat. Also in Europe. rope and Asia, (After Britton & 
(After Britton & Brown.) Brown.) 

The lotus (Nelumbo lutea) is troublesome to the pond culturist, 
having bulbs extending 3 feet into the mud and being accordingly 
difficult to remove when not desired. It is, however, very orna- 
mental, good for shade, and fairly good for shelter. 
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Had it been possible the waterweed, the water chestnut, the fennel- 

leaved pondweed, the duckweeds, and the water clover would have 

been eradicated. In ponds maintained for angling, however, rather 

than for propagating purposes, these plants should not prove unde- 

Fic. 19.— Large yellow pond lily (Nym- 

phea advena). Found in ponds and 

slow streams, New Brunswick and Fic. 20.—Long-leaved pondweed (Pota- 

Nova Scotia to Rocky Mountains, mogeton lonchites). Found in ponds 

south to Florida, Texas, and Utah. and slow streams, New Brunswick to 

Called also spatterdock. (After Brit- Washington, south to Florida and 

ton & Brown.) California. (After Britton & Brown.) 

Fig. 21.—Water chestnut (Trapa na- Fic. 22.—Lotus (Nelumbo lutea). 

tans). Naturalized in ponds, eastern Found locally in Ontario and south- 

Massachusetts and near Schenectady, ward to Florida, west to Michigan, 

N. Y.' Native of Europe. (After Indian Territory, and Louisiana. 

Britton & Brown.) (After Britton & Brown.) 

sirable except in depths of less than 4 feet; though not without due 

consideration of local conditions should the fennel-leaved pondweed 

and the water clover be introduced, owing to their dense growth at 

the surface even in deep water. 
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WYTHEVILLE, VA. 

Here the pond bottoms consist of a rich loam to a depth of 12 
inches, and the range in water temperature during the summer 
months is from 70 to 85° F. The following list of plants gives the 
opinion of a former superintendent as to their respective qualities 
and characteristics. 'The preceding lists have not included semi- 
aquatic or border plants, but arrowhead (Sagittaria longirostra) and 
water plantain (Alisma plantago-aquatica) are given an important 
place among the plants at this station. A more careful investigation 
may lead to the conclusion that certain semiaquatic plants are equal 
in value to some of their exuberant companions of the deeper water. 

The curled-leaved pondweed (Potamogeton crispus, fig. 5) is con- 
sidered the most desirable plant at this station. Its roots are on 

) 4 § 
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Fic. 23.—Long-beaked arrowhead (Sa- Fic. 24.—Water plantain (Alisma plan- 
gittaria  longirostra). Found in tago-aquatica). Found in _ shallow 
Swamps and along ponds, New Jersey water or mud throughout North Amer- 
and Pennsylvania to Alabama, (After ica. Also in Europe and Asia. (After 
Britton & Brown.) Britton & Brown.) 

muck bottom in water up to 6 feet deep, and it throws up a slender 
stalk about 2 inches above the surface, on the tip of which is a small 
white blossom. The plant grows luxuriantly both in summer and 
winter and flourishes in both cold and warm water ponds. It fur- 
nishes abundant shade and protection and is a good breeding place 
for aquatic insects. It is also easy to control and can be removed 
from the ponds without injury to the fish. Its only objectionable 
character is that where the soil is fertile it grows more luxuriantly 
than is desirable. : 

The waterweed (Philotria canadensis, fig. 9) exhibits the same 
characters here as at the Fish Lakes station, but is more highly 
esteemed, being given second place. 

The parrot-feather (Myriophyllum proserpinacoides, fig. 2), root- 
ing in muck bottom in water up to 6 feet deep, reaches to the sur- 
face and throws up a slender stalk about 2 inches above, with a small 
white blossom at the tip. Because of its value as a shade for fish 
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and as a breeding place for aquatic life this plant is ranked third in 
importance at this station. It is also an excellent plant for aquaria. 

The arrowhead (Sagittaria longirostra) is but semiaquatic, but 
forms a valuable shade and shelter for the young fish. It can also 
be removed easily and is not difficult to control. It usually roots in 
soft clay up to 2 feet and throws up a slender stalk with white blos- 
soms above the surface. The leaves are killed by the first frost, and 
the plant branches out from the rootstocks in the spring. 
The water plantain (Alisma plantago-aquatica) is another border 

plant, being found about the edges of ponds in water only 4 to 6 
inches deep, its leaves floating on the sur- 
face. It is valuable for the same charac- 

i 
' 
a) ters exhibited by the arrowhead. 
vy The Chara at this station is a large form 

\, Wi with long, slender internodes, growing in 
H) all ponds, whether they are fed by spring 

ay or creek water. It is an excellent food 
producer, but grows so densely that the 
fish can with difficulty get through it, and 
it is so heavy that it will not float when 
cut loose from the bottom. When a pond 
is drawn, it settles down like a blanket, 

A 

Fic. 25.—Chara fragilis. Fie. 26.—Sweet-scented white water 
A common form of lily (Castalia odorata). Found in 

Chara. (After Stras- ponds and slow streams, Nova Scotia 

burger, Noll, Schenck, to Manitoba, south to Florida and 

& Schimper.) Louisiana. (After Britton & Brown.) 

entangling the young fish so that it must be picked over by hand in 
order to extricate them. Its objectionable characters, in fact, are 
so great that it is only by comparison and on negative grounds that 
its merits are admitted by the superintendent. 
A number of years ago the ponds at Wytheville were well stocked 

with curled-leaved pondweed, waterweed, and limeweed, with a few 

water lilies (Castalia odorata) scattered here and there; but water 

lilies increased from year to year until they took complete posses- 

sion of several of the ponds. They became so dense as entirely to 

exclude the light from the ponds, and in consequence all the sub- 
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merged plants, including the Chara, were killed, leaving nothing 
below the lily pads for the protection of the young fish. During 
the period when Chara was present in great abundance and was 
regarded as a nuisance and the lily as a desirable plant, some of the 
bass ponds annually yielded an average of about 25,000 young fish 
each, but after the lilies took the place of all other plants the annual 
production dwindled to less than 2,000 fish to a pond. One is there- 
fore forced to the conclusion that the water lily is a dangerous plant, 
especially in ponds having soft, fertile bottoms, and that without the 
submerged plants successful bass culture is impossible. By con- 
trast, Chara, with its merit of 
being an excellent food producer, ce NY Yd 
comes into better esteem in spite eee YL Ln 
of its objectionable qualities. UD ae, ‘s 

LY 
NORTHVILLE, MICH. oD) <3 

At the Northville (Mich.) sta- ey y ON 
tion Chara took possession of the 
ponds almost immediately after 
completion. A few other plants 
have obtained a foothold, but not 
in appreciable quantities. The =o Ve ae 
ponds are devoted to the produc- 
tion of small-mouthed black bass, 
and the results have been quite 
successful. A former  superin- 
tendent stated that he knew of no 
other plant than Chara so pro- 
ductive of fish food of the sort 
acceptable to the young bass, and 
the objectionable characters of 
the plant did not, in his opinion, 
offset its merits. 

MAMMOTH SPRING, ARK. 

Fic. 27.—White water crowfoot (Ranwn- 
; culus aquatilis). In ponds and streams, 

At the Mammoth Spring (Ark.) Nova Scotia to British Columbia, south 
station, established in 1905,a por- to North Carolina and California. Also 
tion of the bottoms of thrée ponds’ “Bro Tagh© and Asia. (After! Britton & 
is composed of a heavy muck— 
the remains of an old swamp bed—and in these portions there im- 
mediately sprang up Chara, Elodea, Ranunculus aquatilis, Cerato- 
phyllum, Myriophyllum, and Potamogeton, the relative abundance of 
each being in about the order named. The entirely new ponds and 
those parts of the others newly excavated are of a clay and gravel mix- 
ture. It appears from the report of the first superintendent that an at- 
tempt was made the first two seasons to establish Ranunculus aquatilis 
and Elodea in these latter, but that they were crowded out by Chara, 
with results in all ways satisfactory. The superintendent had no 
preference for any particular plants. 

At this station, on April 30, 1908, a pond 18,000 feet in area was 
stocked with 20,000 (actual count) small-mouthed black bass fry. On 
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June 24, eight weeks later, there were removed from this pond 6,000 
fingerlings, ranging in length from 38 to 4 inches. The rapid growth 
and large number of fingerlings reared is attributed to the presence 
of exceptional quantities of small amphipod crustaceans (Gamma- 
rus), which are a valuable fish food; and the abundance of this food, 
although attributable to the quality of the water, seems to be depend- 
ent also upon the presence and character of the aquatic vegetation. 
The present superintendent believes that of all of the plants above 

mentioned Myriophyllum has proved to be the most satisfactory. “ Its 
growth is abundant and the stalk being rather tender it is easily re- 
moved from the ponds with rakes or grass hooks attached to long 
handles, whenever it is desired to prepare for seining operations. 
After a pond has been allowed to season this plant is easily reestab- 
lished by simply covering a handful of the stalks with a shovel full 

RAZ 
NSS 

Fic. 28.—Various-leaved wa- 
ter milfoil (Myriophyllum 
heterophyllum). Found in Fie. 29.—Cat-tail (Typha latifolia). 
ponds, Ontario and New Found in marshes throughout North 
York to Florida, Texas, and America, except in extreme north. 
Mexico. (After Britton & Also in Europe and Asia. (After Brit- 
Brown. ) ton & Brown.) 

of earth at intervals of from 3 to 6 feet. If this is done in the late 
summer or early fall, there is a fine stand of vegetation by the follow- 
ing spawning time in March and April.” While some of the other 
plants are still there, he would prefer the one species only. 

SAN MARCOS, TEX. 

At the San Marcos (Tex.) station one of the milfoils (Afyrio- 
phyllum heterophyllum) is preferred to all other water plants. A 
former superintendent stated that here some of the water lilies, 
Chara, and the cat-tail (Zypha latifolia) would, if permitted, 
crowd out all other plants of value. He regarded frogbit (/?hizo- 
clonium horsfordi), because of its exuberant growth, as the most 
objectionable of all the plants found in the pond. He believed water 
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plants essential in pond culture, but suggested that ponds be con- 
structed with sand and gravel bottoms with the view to keeping 
them free of all aquatic vegetation, except in selected places where 
the plants were to be walled in with concrete, the walled-in portions 
to be filled in with earth of the richness required by the plants 
selected. 

At the Mill Creek station of the Michigan Fish Commission for 
the propagation of both large-mouthed and small-mouthed black 
bass Chara is the principal plant, and it is quite satisfactory to the 
superintendent as a food producer. At one time, he asserts “ the 
Potamogeton drove Chara out and I could not raise 100 fish where 
before the Chara went I could raise 1,000.” 8 

RESUME OF OBSERVATIONS. 

The various estimates of the commoner plants as found at the 
different stations, together with the differences in condition and 
environment, make generalization difficult. The foregoing observa- 
tions seem to show, however, first of all that the fish-cultural value of 
a species is chiefly a matter of the growth it attains. Its merits as 
food producer, shelter, and oxygenator are determined by the kind 
and quantity of its foliage, stems, and roots, and so likewise are its 
demerits, few plants being objectionable in themselves for any rea- 
son other than growth that is overabundant or overpersistent. 

The growth of plants, however, being a matter of environment, 
depends chiefly, in the case of rooted species, upon the character of 
the bottom soil. Species most desirable in one locality may be 
obnoxious in another where by reason of the fertile soil the growth 
becomes dense and difficult to control. In his paper entitled “ The 
biological relation of aquatic plants to the substratum ” Dr. Raymond 
H. Pond * shows by experiment that Vallisneria spiralis, Ranunculus 
aquatilis tricophyllus, Elodea canadensis, Myriophyllum spicatum, 
otamogeton obtusifolius, and P. perfoliatus, hence probably all 

rooted aquatics, are for optimum growth dependent upon their rooting 
in the substratum, and his conclusions are abundantly confirmed by 
observations in the ponds here described. It would seem, however, 
that his application of the fact to fish culture might be put differ- 
ently. Although it is true that good soil is to be sought, it should be 
added that for very rich soil it is important to avoid, if possible, 
plants with a tendency to rankness. 

The quality of the water is a factor that may entirely control the 
conditions of fish culture. At Cold Springs, Ga., where the water 
is soft, it is impossible to obtain a permanent growth of vegetation, 
and the ponds must accordingly be restocked from time to time. 
Two species of Myriophyllum are the only plants that have been 
successfully maintained through a season. It sometimes happens 
also that even with exuberant vegetation there is a dearth of animal 
life, and this might be ascribed to some property or deficiency of the 
water, just as is the abundance of certain amphipods and other crus- 
taceans that are an important food for young fish, these forms being 
known to thrive and multiply best in water containing lime. 

3 Dwight Lydell in Transactions of the American Fisheries Society for 1905, p. 193. 
*Report U. 8. Fish Commission 1903 (1905), pp. 483-526. 
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A further quotation from Doctor Pond, in reference to Cerato- 
phyllum, is of interest in this connection. This nonrooted plant. 
he shows to be dependent. primarily upon the nutrient salts in solu- 
tion in the water, and thus a competitor of many of the small forms 
of life which derive their sustenance from the same source. A 
pond filled with Ceratophyllum, therefore, would be expected to con- 
tain fewer of these forms and, consequently, of the forms that live 
upon them. From this it would seem to follow that the water best 
suited to Ceratophyllum would not contain sufficient food for young 
fish if that plant were the predominant species, and if this reason- 
ing is correct the value of Ceratophyllum would depend upon the 
presence of sufficient rooted vegetation to offset the effects of com- 
petition. Such may have been the conditions at the Fish Lakes, 
where there were an unusually large number of species of rooted 
plants, above all of which, however, the superintendent believed 
Ceratophyllum to be the best. 
No particular species of aquatic plant can be said to be always de- 

sirable. The endless interrelations of plant and animal life and 
physical surroundings make the problem a special one for each lo- 
eality. It should be noted, however, that according to the data 
here presented great caution should be used as to the introduction of 
pondweeds, waterweed, water clover, water lilies, frogbit, and 
cat-tail. The last two can not be regarded as desirable in any. fish- 
pond. Chara, indigenous at some stations, is in most cases so much 
in favor as a food producer that, notwithstanding its objectionable 
characters, it is considered the best plant for fish-cultural purposes. 
It should be borne in mind, however, that at the stations where this 
plant is a favorite the ponds are of more recent construction than 
at Wytheville, for instance, where Chara became especially trouble- 
some. 

The introduction of the water lily (Castalia odorata) into the 
ponds at Wytheville, with the result of apparently crowding out 
two other aquatic plants, and the somewhat similar experiences at 
San Marcos, Tex., and at Mill Creek, Mich., suggest that the partial 
elimination of one species by the introduction of another may at 
times be advantageously attempted, and that with a full knowledge 
of the effects of given combinations of species a desirable balance - 
of vegetation could be maintained by this means. This question also, 
however, enters the broad field of plant physiology. 

Heretofore some of the lower forms of vegetation, algal growths, 
frequently described as “ frog spittle,” “ water moss,” and “ slime,” 
have entered into pond culture only as an element of water supply, 
their effect upon fish life being regarded as negligible. Observa- 
tions ®* of Dr. Emmeline Moore, in behalf of the United States Bureau 
of Fisheries, demonstrate that this view as to the value of some 
species of alge is entirely erroneous, and that in the early stages of 
the young fishes—particularly the first two or three weeks—their 
food consists largely of animal life whose food during the same 
period consists largely of certain species of alge. This opens a 
broad field of investigation. The spirogyra, so obnoxious to the 
fish-culturists, is not included in Doctor Moore’s list of food-pro- 

5 Dr. Emmeline Moore: The Food Which is Eaten by the Food Which the Fish Eat. 
Paper read at the Forty-ninth Annual Meeting of the American Fisheries Society, Louis- 
ville, Ky., Oct. 10, 1919. 
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ducing alge, but it has been generally recognized by fish-culturists 
that spirogyra is an oxygenator. Further ‘investigation may show 
that all of the alge contribute to the sustenance of: young fish. The 
recognized food-producing value of some species of alge suggests 
great possibilities in supplying food to the young fish “during the 
first two or three weeks, and especially so at pond-culture stations 
like the one at Bullochville, Ga., where the water is so soft that it 
has been difficult to maintain an adequate amount of plant life. A 
definite knowledge of the relations of all of the various species of 
algee to fish production i is much to be desired. 

METHODS OF CONTROLLING AQUATIC VEGETATION. 

ELIMINATION OF UNDESIRABLE PLANTS. 

Plants that are in themselves objectionable should, of course, be 
eliminated for all time. There is, however, no known method of 
eradicating the higher forms of vegetation from ponds without de- 
stroying the fish, unless it be possible first to draw off the water. 
When this is done, certain forms of plants die from exposure and the 
roots of others can be grubbed out. Cat-tails have a root stalk habit 
of growth. If the plants are constantly cut, the root stalks will be- 
come weaker and weaker due to the loss of the food manufacturing 
leaf surface. If constant cutting is persisted in, the root stalks will 
starve out after two seasons. 

In view of their recently recognized importance as food pro- 
ducers, it may be assumed that, until seining operations commence, 
the presence of certain species of algee will be encouraged, and that 
in fishponds generally the removal of alge will not be attempted 
until after the young of basses or sunfishes are a month old. How- 
ever, there are times and places where it is desirable to destroy the 
more obnoxious forms, and this may be accomplished by means of 
copper sulphate, according to the method of Moore and Kellerman 
for the disinfection of municipal water supplies.° This method has 
been successfully adapted, not only to pond culture but also to waters 
containing trout, as is set forth in a report of experiments at the 
White Sulphur Springs station of the Bureau of Fisheries.7. The 
latter application of the method is of especial interest, for the reason 
that trout are more than ordinarily susceptible to the toxic prop- 
erties of copper. 

CHECKING SUPERABUNDANT OR UNDESIRED GROWTH. 

To prevent superabundance of some vegetation or to make less ob- 
jectionable the presence of troublesome species that can not be eradi- 
cated, it is sometimes desired to check the growth of the plants. Mr. 
Kellerman states, in a letter, that in water not unusually hard the 
waterweed (Philotria canadensis), Chara, and several species of 
Potamogeton may be considerably checked in growth by treating the 

® Moore and Kellerman: Copper as an Algicide and Disinfectant in Water Supplies. 
Bulletin 76, Bureau of Plant Industry, Department of Agriculture. (See p. 12 

7™Marsh and Robinson: The Treatment of Fish-Cultural Waters for fie Removal of 
a Bulletin, U. S. Bureau of Fisheries, Vol. XXXVIII, 1908 (1910), part 2, pp. 
71 
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water with copper sulphate in the proportion of 8 pounds to 1,000,000 
gallons of water. In limestone regions, however, or where the water 
contains a large amount of organic matter, the proportion of copper 
must be increased, and the method is then not applicable to fish cul- 
ture because a solution of the necessary strength is fatal to most 
fishes. It is doubtful if any fish-culturist has attempted to retard the 
growth of plants by this method. 

It is possible to retard the growth of plants in small ponds by keep- 
ing the mud thoroughly stirred up. Submerse plants require light 
in order to thrive. The result is analogous to natural conditions 
in streams like the Potomac River during seasons of frequent heavy 
rains, when the water is almost constantly roily and in conse- 
quence the growth of vegetation very much less exuberant than in 
dry seasons, when the water is comparatively clear. In ponds where 
much mud is carried in and held for a considerable length of time 
in suspension the growth of both algz and the higher plants is ren- 
dered practically impossible. The same variations in vegetable 
erowth are noticeable where suction dredges have discharged their 
mud into streams formerly clear. This means—roiling of the 
waters—has been used with success in small natural ponds main- 
tained for other purposes but is not known to have been applied to 
pond culture. 
Experience at various pond-culture stations shows a carp to be quite 

efficient in checking the growth of vegetation if given access to it 
early in the spring before it becomes excessive. At the Fish Lakes 
station several carp were placed in one of the partitions of a bass pond 
containing Ceratophyllum demersum, Philotria canadensis, Pota- 
mogeton pectinatus, Potamogeton foliosus, Vallisneria spiralis, and 
Nymphea. When the pond was drawn in the fall, the bottom in this 
partition was absolutely destitute of any kind of vegetation. The fol- 
lowing season carp were not introduced into this pond, and the 
aquatic growth became as abundant as formerly. Observations at 
the Erwin station in one of the large ponds where a number of adult 
carp were confined revealed a great scarcity of aquatic growth, al- 
though similar ponds adjoining, which contained bass and other fish, 
were well supplied. The plants most abundant in this pond were 
Philotria canadensis and Potamogeton crispus. 

At the Cold Spring Harbor State fish hatchery on Long Island 
the water supply is taken from a long, narrow pond which collects 
the springs in the immediate vicinity. For many years a number of 
carp have been confined in this supply pond for the purpose of keep- 
ing it free from vegetation, especially alge, with very satisfactory 
results. In this instance it was particularly objectionable because it 
clogged the screens in the hatching troughs. 

The introduction of carp into breeding ponds with other fish is, 
however, inadvisable for various reasons, the one of present concern 
being that carp work chiefly on the roots of plants and in mud- 
bottom ponds keep the water constantly roiled, a condition unfavor- 
able to the breeding of all pond fishes with the possible exception of 
the crappie. It is very probable, moreover, that the roiliness of the 
water is itself partly responsible for the retardation of vegetable 
growth now credited to the presence of carp. 
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REMOVAL OF VEGETATION TO PERMIT SEINING. 

For the removal of vegetation in ponds preliminary to the periodi- 
cal seining operations the pond culturist must depend upon mechani- 
cal methods of clearing away the foliage. It is customary to begin 
the removal of the young fish for distribution soon after their yolk 
sac is absorbed, or after the fry have been feeding but two or three 
weeks. At this season the growth of vegetation is not so exuberant 
as later in the summer, and the first crop of fish may sometimes be 
collected by seining around the edges of the ponds without the pre- 
liminary clearing away of the vegetation. Often, however, the shal- 
lower portions of the ponds must be cleared before even the first crop 
of fish can be removed. Later the fish will have sought the deeper 
portions, from which they can not be removed without first drawing 
off the water. In the latter process the foliage, if left, would settle 
down as the water diminished, entangling the young fish or smother- 
ing them, and it is accordingly necessary to clear away the plants 
before drawing off the water. The methods of removing the foliage 
are thus reduced to a mowing process under water, varied and 
adapted as conditions and circumstances may demand and ingenuity 
may devise. The methods and apparatus here described have been 
employed at pond-culture stations but are also applicable to natural 
ponds where the character of the bottom permits of seining opera- 
tions. . 

At the Fish Lakes station the removal of the aquatic foliage was 
accomplished by mowing with ordinary scythes such as are used in 
a hayfield. The shallower portion of a pond was mowed first, and 
the water was then partially drawn off, so that it did not reach above 
the armpits of the mowers, its average depth being from 3 to 4 feet. 
The cut foliage rose to the surface and was carried to the shore in 
boats. 
When it is desired to transfer young fish from the ponds at North- 

ville, Mich., the slash boards are removed from the overflows and 
the water drawn down. As it recedes from the banks a few feet, 
men rake the Chara into piles, taking care that no young fish are 
destroyed in the operation, and continue this process until all the 
water and young fish are confined to the kettle of the pond. It was 
formerly customary to remove the vegetation by the use of teams, 
but experiments show that if left exposed for two weeks the Chara 
settles and finally disappears after the pond has been refilled. The 
presence of this decaying vegetation ought to stimulate the breeding 
of more or less insect life for young fish to feed upon. 

The method of separating plants and young fish at the Mill Creek 
station of the Michigan Fish Commission is described by the superin- 
tendent, in substance, as follows: A space 10 feet wide around the 
pond is first cleared. of foliage with a common iron-toothed garden 
rake, a piece of galvanized-wire netting of one-fourth-inch mesh 
being fastened to the back of it to prevent its becoming entangled 
in the weeds. (Any tinsmith can solder the wire cloth to the iron 
back.) After this has been done a homemade rake is used to remove 
the foliage from the deeper water of the pond. The rake is of rude 
construction, consisting of a cedar pole 8 feet long and 4 or 5 inches 
in diameter, provided with teeth 6 inches apart and 12 inches long, 
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made of oak or some similarly strong material. At a proper angle 
with the teeth are two handles about 20 inches in length, inserted as 
shown in Figure 31. The handles of an old plow can be utilized for 
the purpose. A crotch line is attached to the ends of the rake, which 
is operated by three men, one with waders, who stands between the 
handles and manipulates the implement, and two on the shore to 
pull it. A fourth man looks over the weeds, sorts out the fish, and 
pitches the growth upon the bank as it is brought ashore. When 
not loaded, the rake is easily floated out into the pond. To rake the 
bottom, the operator sometimes must put his hands and arms under 
water; and as he wades out with the rake he determines by the 
density of the moss how far it is necessary to go to secure a rakeful. 
Ordinarily this is about 20 feet beyond the area that was cleaned 
with the hand raking, but farther if the weeds are not thick. The 
rake is moved through the weeds slowly to allow the fish to escape, 
but on reaching the open space made by the garden rake it can be 
moved more rapidly, so that as it comes ashore, with water rushing 
around either end, any fish that may be ahead of it will usually 
escape into the pond. The few that may become entangled are 

Fig. 31.—Rake devised by Dwight Lydell, and in use for removing vege- 
tation at the Mill Creek station of the Michigan Fish Commission. (For 
description see text.) 

released by swift handling of the weeds as they are brought ashore. 
After the first raking is completed a seine is used to remove all fish 
that may be in the cleared space. Then the rake is used again far- 
ther out in the pond, the process being repeated until the pond has 
been thoroughly cleared of vegetation or the desired number of fish 
have been obtained. 

At the Wytheville station a boat is employed in the removal of the 
aquatic vegetation from portions of the pond where the growth is 
most dense. Fastened to each end of the boat is a cleat, through 
which is a hole about 2 inches in diameter, or of sufficient size to 
hold a stake loosely fitted in it, the stakes being driven into the bot- 
tom of the pond for the purpose of holding the boat steady while 
the vegetation is being pulled by the rakes. The loosened mass is 
then loaded into the boat. After the pond bottom has been gone over 
in this manner the sluices are opened, and men following the water as 
the pond is drawn pull by hand the remaining vegetation and stack 
it in piles. If any patches of Chara are found where the fish are 
apt to lodge, these are reached with rakes and thinned to release 
the fish. After the fish have been removed and while the pond bot- 

—_ 
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tom is still wet the piles of Chara are removed to the shore with 
pitchforks. In the removal of such plants as water lilies, rushes, 
cat-tails, etc., the ordinary scythe is used, but this method is resorted 
to as little as possible because of the tracks made in the bottom of the 
pond and the muddying of the water. 

At the Mammoth Spring station the method of drawing ponds and 
removing vegetation is somewhat similar to that pursued at North- 
ville. If it is desired to remove fish less than 2 inches in length, all 
of the vegetation is raked out upon a raft and poled to the bank for 
subsequent removal by horse and wagon. If larger fingerlings are in 
the pond, the vegetation is first cleared as thoroughly as possible by 
a similar method from a space about 100 feet in diameter around the 
outlet drain. A channel is then cleared from the outlet of the pond 
to its inlet. Ordinarily this preliminary work requires the services 
of two men to each pond for two days. The ponds range from three- 
fourths to 1} acres in area. On the third day the water is drawn 
down to the cleared space near the outlet. As it recedes the Chara is 
raked into windrows, the men working in from 1 to 2 feet of water, 
thus keeping a clear channel ahead of the water line. Windrows are 
preferred to stacks, because the fish have a means of retreat through 
the channel formed between the rows. 

Four or five men are engaged in the work at pond-drawing time. 
Perhaps by 3 p. m. of the third day the water will have been drawn 
down to the “ kettle,” the 100-foot cleared pool. If the pond contains 
adult fish, they are at this time removed by sweeping a coarse-meshed 
seine through the pool. The following morning the water tempera- 
ture and other conditions are favorable for the removal of the finger- 
ling stock. 
A raft is preferred to a boat, because it will carry a large load of 

vegetation and the water quickly drains from it. It is homemade, 
12 by 16 feet. The outer framework of 2 by 12 inch planks is 
fastened together by 6-inch bolts and then the inner planks are 
slipped into place. The raft is supported by six 10-gallon iron- 
bound kegs wired to the framework. The round holes in the center 
of each end plank are for the insertion of stakes to hold the raft in 
place while loading. 

The claim of superiority of a raft over the boat ordinarily used 
for the same purpose seems well founded and leads to the suggestion 
that a shallow scow of dimensions to suit conditions, with deck and 
side rails, would also allow the water to drain off as the deck is loaded 
with vegetation and would be more easily handled. Rapid movement 
in the comparatively small ponds of the fish-culturist not being 
essential, trucks might be attached to the bottom of the scow for 
convenience in drawing it ashore or from one pond to another. 

At the San Marcos station the removal of aquatic vegetation is 
accomplished with an ordinary scythe, the men going into the water 
and cutting the growth as closely as possible. For cutting the heavier 
vegetation at a distance from the embankments a scythe is sometimes 
attached to a piece of three-quarter-inch iron piping from 10 to 30 
feet in length, the latter being spread at the end to hold the shank of 
the scythe, which is riveted to it with two small bolts. Hand rakes, 
especially made from 4-tined hayforks, are then used, care being 
taken to examine each rakeful of foliage for young fish. An espe- 
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cially made iron rake shown in Figure 32 has also proved a very 
effective implement. The main bar, 3 inches in diameter and 8 
feet long, is set with 15 teeth 15 inches long and forms the 
diagonal of a square frame, at the two remaining corners of which 
is fixed an iron ring. With a strong rope through each ring, the rake 
is drawn from one side of the pond to the other, making an 8-foot 
swath. Two men are usually required on each side of the pond to 
manipulate the rake. 

At the Cold Springs (Ga.) station there is but one pond in which 
vegetation (Myriophyllum) is sufficiently dense to necessitate its 
removal prior to seining for the young fish. In this pond it grows 

== 

Fic. 32.—Iron rake in use at San Marcos (Tex.) station. (For description see text.) 

exuberantly from bottom to surface and is removed by the use of a 
wire, about the size of a telegraph wire, loaded with weights and 
pulled through the pond much as a seine is hauled, except that it is 
jerked vigorously from side to side. In this way the tender growth 
of the Myriophyllum is easily severed. It is then dragged ashore 
with a long rake similar to the one in use at San Marcos. 
Owing to the necessity for periodically removing the aquatic foli- 

age at pond-culture stations and the expense involved in the present 
methods of performing this task, it is obvious that here also is a field 
for experimentation, but that in this, as in other efforts of the fish- 
culturist to effect economies, each station has its own problems. 

O 
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THE WHITEFISH. 

RANGE. 

The common whitefish (Coregonus clupeaformis) is eminently a 
lake fish. It exists throughout the Great Lakes region and is espe- 
cially abundant in Lakes Erie, Huron, Michigan, and Superior. The 
eastern limit of its range is Lake Champlain, and it is found in Lake 
Winnipeg, and possibly farther west. It is landlocked in Otsego 
Lake, N. Y. Efforts to introduce it into new waters in the States of 
the Pacific coast have not been successful. It has been established in 
Flathead Lake, Mont., Lake Coeur d’Alene, Idaho, and _ possibly 
other waters in the Rocky Mountains. 

DESCRIPTION. 

The body of the common whitefish is rather long and compressed, 
and the back, especially in adults, is arched in front; the greatest 
depth is about one-fourth the body length. The head is small and 

1 Appendix III to the Report of the U. S. Commissioner of Fisheries for 1923. B. F. 
Doc. No. 949. This document represents a revision and enlargement of the chapters on 
“The Whitefish,” “* The Graylings,” and ‘‘The Lake or Mackinaw Trout’ from A Manual 
of Fish-Culture, Based on the Methods of the United States Commission of Fish and 
Fisheries, with Chapters on the Cultivation of Oysters and Frogs, revised edition, pub- 
lished in 1900. 
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Fig. 1.—Common whitefish, Coregonus clupeaformis. 
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short, contained about five times in the length of the body; the snout 
is blunt; the mouth is small and nearly horizontal with the lower jaw 
included; the maxillary is short and broad, reaching to a point near 
the pupil; the mandible extends to a point under the posterior edge 
of the eye. The eye is small, its diameter being about one-fifth the 
length of the head. The rays in both the dorsal and anal fins num- 
ber 11. The number of rows of scales along the side of the body 
varies from about 82 to 92, with about 11 above the lateral line and 
8 below. The gill rakers number about 28, of which 10 are on the 
upper arm of the gill arch; the longest are contained about twice in 
the length of the eye. The general color of this fish is a satiny white, 
with a faint olive-green shade on the back. The fins are uniformly 
white, except the caudal, which normally has a dark edge. 

COMMON NAMES. 

This fish has a number of common names in different parts of its 
range. It is the whitefish par excellence of the United States and 
Canada. As found in Otsego Lake, N. Y., it is inappropriately called 
“ Otsego bass.” In allusion to its humped back it is called “ high- 
back whitefish,” “ bowback whitefish,” “ buffalo-back whitefish,” and 
other similar names in Lake Superior. 

HABITS. 

Although more is known of the habits of this species than of any 
other member of the group, many phases of its life are still obscure, 
as 1t remains in deep water most of the time. Besides the regular 
annual movements of the schools to the spawning grounds there are 
other well-marked migrations in some lakes. Whether these depend 
on food, temperature, enemies, or other causes is not known. Owing 
to its small, weak mouth, it is seldom taken with a baited hook. It 
subsists on minute animal food, chiefly crustaceans, mollusks, and in- 
sect larve. The food of the fry and young fish is almost wholly 
small crustaceans. 

COMMERCIAL VALUE. 

The whitefishes are by far the most important group of fresh- 
water fishes of North America, probably of the world. The common 
whitefish is the best of the tribe, but some of the others nearly equal 
it in merit, and all are more or less esteemed as food. The common 
whitefish reaches a larger size than any other species of whitefish in 
the United States. Examples weighing over 20 pounds have been 
taken, but the average weight is under 4 pounds. Among the fishes 
of the Great Lakes the common whitefish ranks next in value to the 
ciscoes and the lake trout. In 1917 the catch in the United States 
amounted to about 6,288,000 pounds, having a value of $731,519. If 
to this is added the yield of ciscoes and other species of whitefish, 
the aggregate is over 54,000,000 pounds, having a value of nearly 
$2,600,000. The market value of the whitefishes taken in 1920 in 
the British Provinces was reported as $1,315,932, a sum representing 
about 20,356,000 pounds. 

Whitefish fishing is done chiefly with gill nets set at or near the 
bottom in comparatively deep water, although considerable quanti- 
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ties of whitefish are also taken in pound nets, trap nets, and seines. 
A very large part of the catch reaches the market in a fresh condition, 
although considerable quantities formerly were salted. The leading 
centers of the trade are Chicago, Detroit, Sandusky, Cleveland, Erie, 
and Buffalo, whence the fish are shipped frozen or in ice to all parts 
of the country. 

SPAWNING HABITS. 

The spawning season of the whitefish in the western end of Lake 
Erie begins the early part of November and continues into December. 
At this season there is a general movement of the fish to shoal parts 
of the lakes, similar to the migration of anadromous fishes from the 
ocean to the rivers. Some of the foreign whitefish are typical an- 
adromous species. After spawning the fish return at once to the 
deeper water. 

The spawning habits of whitefish confined in pens have been ob- 
served. ‘The fish rise to the surface, occasionally in pairs, and rarely 
in trios of one female and two males, the female emitting a quantity 
of spawn at each rise. The males, always the smaller fish, per- 
sistently follow the female and discharge milt at the same time the 
eggs are emitted. 

Whitefish reach maturity in the third or fourth year. A full- 
grown specimen deposits from 10,000 to 75,000 eggs, depending on 
its size. A rule for determining the approximate spawning capacity 
is to allow 10,000 to 12,000 eggs for each pound of the fish’s weight. 
The eggs are one-eighth of an inch in diameter and are of an amber 
color. They swell somewhat after impregnation. The number per 
quart varies from 36,000 in Lake Ontario to 40,000 in Lake Erie. 

DESTRUCTION OF WHITEFISH SPAWN IN NATURE. 

In nature the eggs of the whitefish are subjected to the attacks of 
many enemies for nearly five months. The mud puppy (Vecturus 
maculatus), commonly known as “ lizard” or “ water dog” by the 
people along the lakes, is especially destructive. During the winter 
months many of these animals are pumped up with the water supply 
of the Put in Bay station. The stomachs of a considerable number 
of them contain whitefish and cisco eggs. 

Another voracious destroyer of whitefish eggs is the common yel- 
low perch (Perca flavescens). The deck of a boat has been seen 
covered with the eggs of whitefish and cisco pressed out of the 
stomachs of perch taken the last of November from gill nets on the 
reefs, where they had gone to feed on the eggs. 

The various smaller Cyprinide and some other fishes, crawfish, 
and wild fowl make the eggs of fishes a considerable portion of their 
diet, and those eggs that require the longest period in hatching 
suffer most. 

ARTIFICIAL PROPAGATION. 

The artificial propagation of whitefish has long since passed the 
experimental state and has attained a me degree of perfection. 
The work can be carried on with great facility, and its value is 
especially apparent when it is considered that under natural con- 
ditions only a very small percentage of the eggs hatch, whereas 
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Fia. 2.—Put in Bay (Ohio) hatchery. 

Fic. 3.—Collection of whitefish eggs, Put in Bay, Ohio. 
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through artificial propagation from 75 to 95 per cent are productive. 
Practically all the eggs taken for hatching purposes are obtained 
from fish caught by the commercial fishermen and otherwise would 
be lost or sent to market with the fish. 

The methods of culture hereafter referred to are those pursued at 
the Put in Bay (Ohio) station, but they do not differ in any essen- 
tial particular from those in general use. In the fiscal year 1921 
the Bureau of Fisheries hatched and planted 420,450,000 white- 
fish fry. 

COLLECTION AND INCUBATION OF EGGS. 

The taking, impregnating, and handling of whitefish eggs are 
simple processes, though they require great care at every stage. 
Eggs are often injured by undue haste in stripping, and many are 
lost by allowing them to fall too great a distance into the spawning 
pan. The eggs are very delicate when first taken and before the 
absorption of water has made the investing membrane tense, and if 
roughly treated they will be seen to be ruptured as viewed under the 
microscope. With care about four-fifths of the eggs will hatch. 
While scarcity of milt may lead to nonfertilization of the eggs, the 
manner in which the milt is brought in contact with the eggs is a 
more common cause of failure. 
The eggs supplied by each spawn taker should be examined daily. 

If it is found that a considerable number have ruptured yolks, it 
may be taken for granted that the spawn taker has handled the fish 
and eggs roughly, and if many are unimpregnated it is evident that 
he did not use sufficient milt, or that it was not properly applied to 
the eggs. Eggs or milt taken from fish that have been dead for any 
length of time should not be used. 
At Put in Bay eggs are obtained from fish captured in pound nets 

and gill nets, often at considerable distances from the station. The 
spawn taker, who is employed to take the eggs from the fish as they 
are lifted from the nets into the boat, has with him two or three 6- 
quart pans, coated with asphaltum varnish to prevent rusting, in 
which he takes the spawn, a wooden keg or tin can holding from 10 
to 15 gallons, a 10-quart wooden pail, and a tin dipper. He is 
clothed in waterproof garments, and his left hand is covered with a 
woolen mitten for convenience in handling the fish. 

After several ripe females and some ripe males are collected a fe- 
male is taken up and the body slime, which would interfere with 
impregnation if allowed to fall into the pan, is carefully removed. 
The spawn taker then grasps the fish firmly in his left hand just. for- 
ward of the tail. The right hand is placed under the fish just back 
of the pectoral fins, and the fish is held firmly against. the body, with 
the vent 4 or 5 inches from the bottom of the pan. This position of 
the fish’s body brings pressure on the abdomen, facilitates the flow 
of the eggs through gravity, and prevents them from being injured 
by falling too far. 
On applying a gentle pressure the eggs will flow in a steady liquid 

stream about a quarter of an inch in diameter, and a considerable 
portion of them can be ejected before the hand need be moved. As 
soon as the stream slackens the hand is moved slowly toward the 
vent, but only sufficiently to keep the eggs flowing steadily. When 
the stream finally stops, the hand is placed in its former position 
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and the process repeated until all good eggs have been secured. If, 
as is frequently the case, a considerable number of white eggs appear 
when nearly all the ripe eggs have been emitted, the effort should 
cease. 

In the dry process of impregnation, which is now generally con- 
ceded to be superior to the wet process of fertilization, the pan in 
which the eggs are taken is dampened by dipping it in water before 
stripping begins. After one or two females have been manipulated 
the milt from one or two males is added to the eggs, this being done 
by grasping the fish between the thumb and fingers 2 or 3 inches 
forward of the vent and moving the fingers toward the opening. 
The milt comes in a stream, an average fish yielding about a tea- 
spoonful. If ripe males are scarce, the fish is laid aside, as a 
considerable amount of additional milt may be secured from it a 
few minutes later in case it is needed. 
When the pan is one-third to one-half full of spawn and milt, the 

spawn taker stirs the eggs gently to incorporate them thoroughly 
with the milt, using for the purpose the tail of a fish from which 
the slime has been carefully removed. The pan is then partly 
filled with water and the mass stirred again very gently. After 
standing two or three minutes the water is poured off and fresh 
water added, this operation being repeated until the water flows off 
clear. The eggs are then poured into a keg or can that has pre- 
viously been filled with water and the mass again stirred very 
gently. It is necessary to change the water on the eggs at least once 
an hour, oftener if the weather is warm, and they should be stirred 
gently to the bottom of the keg every 30 minutes until placed in 
running water in the hatchery. 

After finishing his work the spawn taker delivers the eggs to the 
man in charge of field operations, who cares for them until the ar- 
rival of the collecting steamer, when they are taken on board and 
transported to the hatchery, some two to five hours having elapsed 
since they were taken. At the station the eggs are kept in the kegs 
in which they were placed by the spawn taker, and in the mean- 
time the water is changed once every hour until the next morning, 
the mass being stirred to the very bottom whenever a change is made. 
In this way the eggs are hardened with less injury than would re- 
sult if they were immediately placed in the jars. 

Formerly, in shipping eggs from distant field stations, they were 
kept in running water in kegs, under the care of a watchman, but 
experience has demonstrated that it is much better to ship them in 
cases on trays. After being in water from 8 to 10 hours whitefish 
ova may be safely placed two or three layers deep on trays and 
shipped to an indefinite distance. If the air temperature is as 
high as 55 to 60° F., the case must be supplied with ice; if it is 
below 82° care must be taken to prevent freezing. 

The field shipping cases are usually constructed of lumber three- 
fourths of an inch thick and of sufficient depth to hold 20 trays. 
The bottom tray and the top tray are not used for eggs. Cleats at 
the four inner corners hold the trays about 1} inches from the sides 
of the case. 
A tray board is a convenience in spreading eggs on the trays. 

This consists of a smooth board some 4 inches greater in length and 
width than the egg trays, with a raised rim one-half inch high and 
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water-tight. The tray is placed in the tray board, which has pre- 
viously been filled with water. The eggs are poured on the partly sub- 
merged tray and at once spread evenly over its surface. For longer 
distances greater precautions must be taken and a packing case that 
has space for proper insulation and ice used. Several modifica- 
tions of this type of case are in general use in fish-cultural work. 

After the eggs are placed on trays and drained they are covered 
with a thickness of mosquito netting that has been well washed and 
left damp. If the eggs are to go by express, unaccompanied by a 
messenger, directions stating that they must be kept cool but not 

- permitted to freeze are fastened to the case. Whitefish eggs, ac- 
companied by an attendant, have been safely shipped from North- 
ville, Mich., to Australia. Where eggs are to be shipped from one 
ny to another, in care of a messenger, the regular field cases are 
used. 

The trays used at the station are 18 inches square and are made 
of white pine 2 by 1 inch, mortised together at the corners, with the 
widest side of the strip horizontal. Cheesecloth or linen scrim is 
tacked on the bottoms of these frames with galvanized or copper- 
coated tacks, the cloth being stretched very taut to prevent its 
sagging after being wet and dried. The tacks are spaced 2} to 3 
inches apart, so that in a year or two the cloth may be retacked be- 
tween the spaces to take up the slack. As the trays are square, they 
fit into the cases either way, thus saving time in packing. Square 
cases are also more convenient to store and for general handling. 
One of these trays will hold 100,000 whitefish eggs. 
Where the eggs have to be retained in the field for several days 

they are sometimes kept in floating boxes adapted for the purpose, 
but unless the conditions are very favorable it is far better to place 
them on trays, sprinkling them lightly once in two or three days. 
(See description of floating box on p. 23.) 
When rhea from the kegs and trays at the hatchery, the eggs 

are passed through a screen with meshes sufficiently large to permit 
the passage of a single egg in order to remove scales and other 
foreign substances that may be present. The screen is floated in a 
washtub partly filled with water, with the wire netting well sub- 
merged. ; 
Wooden kegs are preferred to tin cans for handling eggs and fry, 

as their contents are not subjected to sudden changes in tempera- 
ture and can be readily examined, and as the water can. be more 
easily poured off without risking the loss of eggs. Kegs are also 
much lighter, cost only a sixth as much as cans, and last longer. 
For shipment in wagons or by rail, however, tin cans made with 
covers are indispensable. The kegs should be of white pine, made 
large enough to hold about 15 gallons, and painted on the outside 
but not inside. They should be provided with iron drop handles. 

PENNING WILD FISH. 

The uncertainty of climatic conditions and the liability of fail- 
ure to obtain spawning fish during the severe storms occurring in 
November make it desirable, whenever practicable, to capture fish 
when the weather is favorable and place them in pens to ripen. 
If the fish are driyen off their spawning grounds by heavy storms, 

52881°—93- 9 
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they do not return in large numbers during the spawning season, 
and the only way to insure a satisfactory supply of eggs is to pen the 
fish. Penning has been abandoned in most of the Great Lakes 
fields, because most of the fish are taken by gill nets. Since pound 
nets are seldom used, the green fish can not be obtained. Most of 
the fishing boats take their own eggs and deliver them to the 
bureau’s agent in charge of the field. 

The pens are usually made about 16 feet long, 8 feet wide, and 5 
feet deep and are placed end to end in two rows, with a plank walk 
between as a convenience in caring for them. A partition is placed 
in the center of each pen, dividing it into two compartments, each 8 
feet square. In each compartment is a false bottom held down by 
two 2 by 4 pieces fastened to the sides. When the fish are to be re- 
moved the false bottom is raised and held at any desired height by 
inserting pins in the 2 by 4 pieces and the sides of the pens. The 
fish must be handled as little and as gently as possible, otherwise 
the eggs will form into a hard mass and never ripen. One cause of 
injury is the scoop net with which they must be handled, the knots 
and twine being so hard that they injure the delicate scales of the 
whitefish in their violent struggles when taken from the water. 
Although crates or inclosures of wood construction have been very 

generally used by the Bureau of Fisheries for penning whitefish, 
retaining inclosures of cotton webbing are proving very satisfactory 
in Lake Ontario. 

HATCHING METHODS AND EQUIPMENT. 

The water supply in the hatchery at Put in Bay is obtained 
through a pipe extending 75 to 100 feet into Lake Erie, the water 
being elevated by pumps to supply tanks in the loft of the hatchery, 
whence it is distributed by the usual methods of piping. Two circu- 
lar galvanized-iron supply tanks are used, each having a capacity of 
approximately 18,000 gallons. These tanks are necessary in order 
to give equal pressure in the pipes and to provide an even supply 
of water to the whitefish batteries. In the event of being obliged to 
suspend pumping operations for a short time, there will be sufficient 
water in the supply tanks to care for the eggs for a period of several 
hours. <A float connected with the throttle valve of the pumps is so 
arranged in the tanks as to maintain a steady water level therein. 

Whitefish eggs are hatched in the open-top McDonald, Downing, 
and Chase jars, the Downing and Chase jars being more generally 
used. On arrival at the hatchery the eggs are taken from the 
shipping-box trays and placed in tubs of water to harden. After 
remaining in the tubs from 12 to 14 hours, during which time the 
water is changed once an hour, the tub of eggs is placed on a moy- 
able stand and the eggs measured into jars by means of a dipper. 
The jar is first filled with water and a shallow funnel with an out- 
let extending well into the jar inserted, so that the water will 
stand as high in the funnel throat as possible. In this way the 
eggs are not subjected to a fall from the dipper to the jar. 
From this stand the jars are passed to a man who sets them up on 

the battery. Tin tubes are placed in the jars and connected with 
faucets supplying the water by rubber tubes. In the battery de- 
scribed each jar on the top row is provided with a water supply of 
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Fic. 4.—Pens used in holding whitefish, Put in Bay, Ohio. 

Fic. 5.—Interior of Put in Bay (Ohio) hatchery showing whitefish troughs and battery. 
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jar. hatching ning Fic. 6.—Close-up of open-top Dow 
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Fig. 7.—Uniertilized whitefish egg 24 hours old. Fic. 8.—Fertilized whitefish egg 6 hours old, germinal 
disks forming, no segmentation having taken 
place. 

Fic. 9.—Whitefish egg, 12 hours, showing first cleay- Fig. 10.—Whitefish egg, eighteenth hour, water 38°, 
age, water 38°. showing second segmentation, four cells formed. 

Fig. 11.—Whitefish egg, 24 hours, water 38°. Fic. 12.—Whitefish egg, 48 hours, water 38°. 

DEVELOPMENT OF THE WHITEFISH EMBRYO. 
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Fic. 13.—Fertilized whitefish egg, 72 hours old, Fia. 14.—Whitefish egg, seventh day, embryo be- 
showing sezmentation well advanced. ginning to show. 

sii 

Fig. 15.—Whitefish egg, 43 days old, showing 
embryo. 

Fic. 17.—Whitefish egg, yolk sac ruptured by rough Fig. 18.—Whitefish egg with triple disks. 

handling, 24 hours old. 

DEVELOPMENT OF THE WHITEFISH EMBRYO. 
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Fic. 20.—Whitefish egg, shay ing twin disks, 6 days 
old. 

Fic. 21.—Whitefish egg, showing twin disks, 7 days Fig. 22.—Whitefish egg, showing twin disks, 8 days 
old. old. 

Fic. 23.—Whitefish egg, eee twin disks, 13 days Fig. 24.—Whitefish egg, showing twin disks, 15 days 
old. old. 

DEVELOPMENT OF THE WHITEFISH EMBRYO. 
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Fic. 26.—Double-headed whitefish fry. 

Fic. 27.—Curved spine, a common deformity of Fic. 28.—Whitefish fry just hatched, three-eyed, 
whitefish fry. curved spine. 

Fic. 29.—A common deformity of whitefish fry. Fic. 30.— Four-eyed whitefish fry. 

DEVELOPMENT OF THE WHITEFISH EMBRYO. 
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approximately 5 quarts per minute at the beginning of incubation, 
wien amount is reduced to 4 quarts later on. This water supplies 
in turn the succeeding rows of jars in the battery. For this reason 
the jars on the upper row should never be removed without making 
provision to supply those below. 

In a mean water temperature of 35° F. the eye spots of the fish 
are visible to the unaided eye in about 40 days, and the entire incu- 
bation period averages 133 days. The food sac is absorbed in from 
5 to 10 days after the fry have hatched, the time varying somewhat. 
with the period of incubation. 

The microscope is a great aid in whitefish culture, enabling the 
operator to determine the exact percentage of dead eggs and, to a 
great extent, the cause of their loss, allowing him to remedy some if 
not all of the evils. For examining eggs in their early stages the 
microscope is placed horizontally, the eggs being held in a cell filled 
with water. This may be made easily by fastening two ordinary 
glass slides to a strip of wood one-eighth of an inch thick, with a 
portion cut away to form a receptacle for the eggs. The wood is 
thoroughly saturated with asphaltum varnish, and after drying the 
sides should receive a thin coat, the sides being laid on and placed 
under pressure to dry. When dry, an additional coat to the outer 
joints of contact will guard against possible leaks. Such cells are 
not satisfactory and a good examination of the eggs can not be made 
with them. Most optical houses are able to supply what is known as 
“ watch crystals ” that are made especially for this purpose. 

If the egg be examined six to eight hours after being fertilized, the 
germinal disk will be found to have contracted to a saucer-shaped 
cap, extending over about one-fifth the surface of the yolk. It is 
smooth and even, gradually thinning to a sharp outer rim, with a 
thickness of about one-fifth its diameter in the center of the cap. 
Segmentation not having commenced at this stage, the impregnated 
eggs can not be distinguished from the unimpregnated ones. At 18 
hours segmentation will be well advanced and the disk will have con- 
tracted into six or eight rounded nodules of uneven size, with well 
defined valleys between, the sharp rim having disappeared. At 24 
hours, which is the best time to determine the percentage of live eggs, 
the disk will present a somewhat similar appearance except that it 
will be divided into 25 or more segments, easily seen under the glass. 
The disk of the unimpregnated egg of the same age forms an almost 
exact hemisphere, is perfectly smooth in appearance, and is therefore 
easily distinguishable from a live egg. Segmentation now proceeds 
rapidly, and at 72 hours the cell looks about the size of a mustard 
pea sander a 1-inch objective, the most suitable power to use in this 
work. 
During the entire period of incubation, but more especially in its 

early stages, the eggs should be worked as gently as possible, only 
enough water being used to give them sufficient motion to prevent 
“banking.” Just at the commencement of incubation they require 
about 5 quarts of water to the jar per minute, but later they can be 
run with a quart less per minute. For the first week or more the eggs 
require constant watching, and although the whitefish egg is not con- 
sidered adhesive, agglutination will ocasionally occur when the water 
becomes roily, and unless the banks thus formed are separated by 
gentle stirring with a feather (the long feathers of a turkey wing are 
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na the eggs forming the pack will soon die and form a mass in 
the Jar. 

In a few days, varying with the water temperature, the unimpreg- 
nated and other dead eggs begin to fungus; that is, a fungous growth 
develops upon them and they rise to the top of the egg mass. Such 
eggs must be removed with a siphon immediately, and if live ones 
are among them they should be set up in what are termed hospital 
jars, where the dead eggs and the live ones can be more readily sepa- 
rated. ‘The dead eges are drawn off every day to prevent them from 
becoming loaded with silt from the water and sinking into the mass 
of live ones, from which it is difficult to separate them. 
A long-distance siphon is used for removing dead eggs from the 

_ jars, saving much labor. In its construction the short end of an 
ordinary siphon, consisting of a thin }-inch brass tube a foot long 
bent into the form of a gooseneck, is attached to a piece of common 
rubber tubing 3 or 4 feet long and 3 inch in diameter inside. This 
is connected with a rubber tube of the same size and sufficiently long 
to reach the entire row of jars in the battery. Hose connections are 
made by the use of a thin brass nipple of the same interior diameter 
as the piece of rubber tube to which it is joined. The other end of 
the long tube is connected to and through the center of a wooden 
float some 12 inches in diameter and 1 or 2 inches thick by means of 
a piece of brass tubing. The tube is bent to a quarter circle to 
prevent the rubber from kinking, and the float is set in a tub. When 
it is desired to siphon eggs into the jars, a short siphon is placed in 
the supply trough and started and is then connected with a long 
siphon. When the tub becomes filled with water, it runs over the 
rim and into the waste ditch, the eggs settling to the bottom. By 
means of this siphon an entire battery can be operated without mov- 
ing the tub. It is necessary, however, to exercise care in siphoning 
eggs from the jars on the top row, as the suction becomes very 
strong and is apt to draw off the good eggs. The suction may be 
reduced by gently pinching the rubber tube. 

For convenience and economy of space and water the hatching 
jars are arranged in tiers, constituting what is known as a battery. 
The structure of a battery, with its system of supply troughs, jars, 
and other attachments, may be understood by reference to Figures 
5 and 31. 

The troughs of the battery are usually constructed of white pine 
or cypress 14 inches thick. If it is necessary to make the troughs 
longer than the usual cuts of lumber, the joints should be squarely 
butted, and these and all other joints in the troughs should be put 
together with white lead. At the splice a patch is placed on the 
inside of each trough and screwed to the two ends, white lead being 
used freely underneath. As a further strengthening measure a 
cross piece 5 inches high is placed ‘inside. The ends of the troughs 
are rabbeted in place and the side pieces nailed to the bottom. At 
the end of each trough in the bottom is a 14-inch hole, supplied 
with a plug, for use in cleaning the troughs. At the alternate end of 
each trough, commencing at the top, is a saw cut 14 inches deep and 
6 inches wide, into which is fitted a galvanized iron or tin overflow 
spout to conduct surplus water to the next trough below. The 
lengths of the troughs vary according to the size of the battery. 
Their inside dimensions are 103 inches deep and 8 inches wide. 
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At the proper distance apart along the sides of the troughs are 
holes for the wooden faucets; for ease in manipulating the jars these 
holes should be 74 inches on centers and 3 inches above the inside 
bottom of the trough. The best faucets are the Crandell with the 
tin key. The faucet is connected with the tin tube by a piece of white 
or red rubber tube 8 or 10 inches long and 4 inch in diameter. The 
tin tube is § of an inch in diameter and 20 inches long; three short 
legs are soldered to the lower end to hold the tube above the bottom 
of the glass jar. 

The troughs are placed one above another at a proper distance to 
accommodate the type of jar used. They are held together by a 
support made of 4 by 4 timbers, so placed that a row of 6 jars is 
installed between each set of stanchions. At the Put in Bay 
hatchery there are 6 rows of jars, making 36 jars between each set 
of stanchions. This type uses the stagger system in placing the 
jars on the battery, by which method each jar of the top row sup- 
plies the next jar immediately underneath. The troughs are held 
together in the stanchions by the use of 4-inch bolts, with nuts 
and washers at each end, which also act as a support to the trough. 
Beginning at the top trough the water supply enters one end, sup- 
plying each jar on the top row, which in turn discharges into the 
next trough below. The surplus water passes through the tin over- 
flow at the opposite end and into trough No. 2, which projects from 
8 to 10 inches on one end beyond the top trough. This alternate 
system is continued until the water.is finally conducted into the 
receiving tank located at the end of the battery. This tank is 24 
inches deep, 3 feet wide, and of sufficient length to receive the water 
supply from two batteries. Provision is made at one end of the tank 
for a screen and an overflow for the diversion of part of the water. 
The water remaining passes into a series of fry tanks arranged at 
right angles to the receiving tank, connection between them and 
the fry tanks being made by means of a 2-inch pipe set 1 foot below 
the surface of the water and provided with a stopcock. At the Put 
in Bay hatchery four fry tanks, set in series of two, receive their 
water supply from the retaining tank. Each fry tank is provided 
with a screen near its lower end and a similar connection is made 
between the fry tank and the receiving tank. The fry tanks are 24 
inches high, 3 feet wide, and usually 16 feet long. 

These screens are made of brass wire cloth, 60 meshes per inch, 
tacked to a heavy frame. The screen is pulled very tight before it 
is fastened so as to present a smooth surface to the air jets. The 
screens should never be painted. The screen frames are held in 
place by bolts that pass through the frames and into the projecting 
cleats in the trough. They are not put in place until the fry com- 
mence to hatch. If the air pipes are large and are run fairly 
straight to the screens, an air pressure of from 5 to 8 pounds will 
be sufficient to keep the screen free from eggshells. 

At the Cape Vincent (N. Y.) station a modification of the battery 
described in the foregoing pages has given excellent satisfaction. (See 
fig. 31.) It carries six tiers of jars, and where vertical space is 
available it may be made to accommodate a larger number of jars in 
proportion to the floor space occupied. The troughs in this battery are 
made of 12-inch cypress. They are 124 inches wide, 92 inches deep on 
the feed half, and 6 inches deep on the catch end. The shelves, 
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which are also made of cypress 1} inches thick, are 84 inches wide, 
and between the uprights they are supported by steel brackets. The 
condensation from the jars 1s drained into the troughs through a 
groove cut along the outer edges of the shelves. At one end of each 
trough is a galvanized iron overflow. The supply of water to the 
batteries is regulated by automatic Ford tank valves, and the dis- 
charge, after entering the catch box, is carried to the basement 
sewer. When the fry are hatching the water is carried, as shown, 
to the fry building, and under the whole length of the batteries 
galvanized pans are provided to catch the drip, which drains into 
the basement sewer. There are 11 jars on each shelf between the 
uprights, making 198 jars in all on each side of a battery, or 398 
jars per battery. 

This type of battery is compact and neat in appearance. By 
means of the grooved shelves and drip pans the floors are kept 
dry, and, as each trough is provided with a drain plug, they may be 
scrubbed at any time without interfering with the operation of the 
jars, the attendant stepping along the jar shelves. At all the bureau’s 
hatcheries it has been found best to use the natural water supply 
without attempting to modify its temperature, but good results in 
the incubation of whitefish eggs can not be expected in a water tem- 
perature much above 50° F. In early November, when the white- 
fish spawning season in Lake Erie begins, the water in the Put in 
Bay hatchery ranges from 40 to 48°. About December 1 it drops to 
approximately 35 to 38°, and after the lake freezes, or as soon as 
ice in any appreciable quantity forms, the temperature of the water 
passing through the jars remains uniform at 324°. Around the 
middle of March, when the lake is usually free from ice, the water 
temperature rises slightly. The fry begin hatching about this time, 
and as a rule the incubation period is completed in the first week of 
April. 
Sve year prior to the opening of the spawning season the in- 

terior surfaces of all troughs and tanks are well covered with as- 
phaltum varnish. As a first coating, when the wood is new, white 
lead and oil are applied, followed by two coats of varnish, the latter 
consisting of one part turpentine to two parts asphaltum. The best 
asphaltum pitch is used for filling the cracks and joints, first soften- 
ing it with paraffin to the consistency of chewing gum, or so that 
it will not break in cold water. This pitch holds firmly to the wood 
and keeps its place in warm weather. Other pitches that have been 
tried are likely to run in warm weather and to harden with use, 
breaking when cold. All jars, tubes, troughs, etc., should be kept 
scrupulously clean. 

CARE AND PLANTING OF FRY. 

When the fry hatch, they immediately leave the jars and follow 
the course of the running water, those in the upper tiers going 
through the succeeding jars, and all finally reaching the fry-collect- 
ing tank at the bottom, whence they are carried to the main col- 
lecting tanks. It has been urged by some that it is injurious for the 
fry to pass down through the lower jars with the complement of 
eges, but in practice this has not been the case. . 
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Clogging through an accumulation of eggshells and impurities 
in the water may be prevented by an air jet, which can easily be 
arranged for by installing an air pump and carrying the connect- 
ing pipe along the side of each tank on the inside of the screen, 
thence at right angles parallel to the screen and about an inch dis- 
tant from it. This cross pipe should be perforated on one side with 
holes one-thirty-second of an inch in diameter and 3 inches apart, 
the perforations opening toward the screen and upward at an angle 
of about 45°. When the air is turned on, an apparently solid mass 
of bubbles will rise along the whole surface of the screen. 
With such an arrangement the screen will need no attention for 

hours, or even days, at a time, whereas without the air jet one 
or more men must be employed to keep the screens clear. Moreover, 
many of the fry are unavoidably killed by being forced against 
the screens and by the work of the men in keeping them free. The 
thorough aeration of the water indirectly accomplished by use of 
the air jet is very beneficial when large numbers of fry are passing 
over, and twice as many can be safely handled in troughs thus 
equipped. 

At Put in Bay, where the fry are planted as soon as hatched, 
they are dipped from the fry tanks into kegs and transported to the 
natural spawning grounds on the reefs. From 50,000 to 100,000 
fry are carried per keg, according to the distance to be traveled, 
and when they are to be carried any considerable distance fresh 
water is added every hour. 
Where facilities are available it is advisable to hold the fry in 

tanks until they have absorbed the yolk sac before planting them, 
as they are better able at that time to care for themselves than when 
planted at a very early age. In the spring of 1896 about 1,000 
whitefish fry were held in a station trough until late in April, with 
no food supply except the Entomostraca and other minute life 
coming into the troughs with the water pumped from the lake. 
The fish attained a considerable growth and were remarkably active. 
Cannibalism was of frequent, though not of general occurrence. 
Toward the close of the period through which they were held num- 
bers were observed to have seized another fry by the tail and swal- 
lowed as much of the body as possible; this, of course, being very 
little. In every instance noted a larger fish had attacked a smaller 
one, the victim being dead and his destroyer swimming about 
actively with the body trailing along his side. Had these fry been 
regularly supplied with food it is probable that no cannibalism 
whatever would have occurred. 

REARING IN PONDS. 

Few attempts have been made to raise whitefish in ponds, but 
the experiments conducted lead to the belief that under favorable 
conditions the species can, to some extent, be reared in artificial 
ponds, success along this line, of course, implying an abundance of 
good cold water and suitable ground for the construction of deep 
ponds. Such an undertaking would not be practical nor feasible 
at any of the bureau’s hatcheries where millions of fish are liberated. 

The outcome of an experiment undertaken in 1882 along this line 
at the Northville (Mich.) station was successful. Three-year-old 
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whitefish, from 3 to 44 pounds in weight, plump and healthy, were 
produced, and from them a large number of eggs were taken, a fair 
percentage of which were fertilized. The fish were treated as are 
young trout, being fed wholly on liver. 

Equally sucecessful tests have been made in Europe with one of 
the native whitefishes (Coregonus lavaretus), and noteworthy re- 
sults have been attained in the rearing of whitefish under private 
enterprise in ponds at Warren, Ind. It has been found that in 
rearing the fry the water temperature should not exceed 55° F. 
and that a temperature of 65° is fatal. 

THE GRAYLINGS. 

The grayling is one of the most attractive and gamy of the fresh- 
water fishes. Three species have been described from North Ameri- 
can waters—Thymallus signifer of Alaska and the Mackenzie River 
region, 7’. montanus of Montana, and 7. ontariensis of Michigan. 
They are all closely related to the Salmonide in habits and general 
appearance but differ in the character of the skeleton. 

RANGE. 

The Arctic grayling (Thymallus signifer) is found from the Mac- 
kenzie River westward through Alaska and north to the Arctic 
Ocean. The Montana grayling (7. montanus) originally existed 
only in the streams emptying into the Missouri River above the 
Great Falls, principally in Smith or Deep River and its tributaries 
and the three forks of the Missouri—the Jefferson, Madison, and 
Gallatin Rivers—and their affluents. Its range has since been con- 
siderably extended through the agency of fish culture. The Michi- 
gan grayling (Thymallus ontariensis) was formerly found only in 
certain streams of Michigan, though the type specimen is said to 
have come from Lake Ontario. Though once abundant in many 
streams in the southern peninsula of Michigan, it has now entirely 
disappeared from the waters of that section. The opinion is ex- 
pressed by observers that the introduction of the nonindigenous 
brook trout and rainbow trout has been a factor of importance in 
their disappearance. Grayling still occur in the Otter River and 
possibly in other streams in the northern peninsula of Michigan. 

DESCRIPTION. 

In Montana waters its body is elongated, compressed, the depth 
contained four and one-half times in the length. The subconic head 
is of moderate size and its length is one-fifth that of the body. The 
dorsal outline from snout to tail is a uniform gentle curve, highest 
at the beginning of the dorsal fin. The mouth is oblique, terminal, 
and of moderate size; rather feeble teeth, of uniform size, occur on 
jaws, palatines, and vomer. The short and stiff gill rakers number 
17. The eye is large, exceeding length of snout, and is contained 
three and one-half times in length of head. From 82 to 85 scales are 
found along the lateral line, 8 rows above and 10 rows below the 
line. The dorsal fin is long and high and contains 18 to 21 rays; 
both its length and height equal the depth of body. The caudal is 
strongly forked. The coloration is gorgeous. The color of the back 
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Fic. 32.—Montana grayling, Thymallus montanus. 
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is gray, with purplish reflections; the sides of the head and body are 
lighter, with purplish and silvery iridescence; the belly is pure white; 
there are a few V-shaped black spots on the anterior part of the body; 
a dark heavy line, more distinct in males, extends along upper border 
of belly from ventral! to pectoral fins. The dorsal fin is richly varie- 
gated with a rosy border, four to six rows of roundish rosy spots in 
whitish areas, with dark blotches forming lines between the spots. 
The ventral fins have three rose-colored branching stripes along the 
rays. The anal and pectoral fins are plain with dark border. 

The Michigan grayling resembles, in general, the fish of Montana, 
but is distinguishable by its larger dorsal fin and certain differences 
in coloration. The Arctic grayling has a higher dorsal fin with 
22 to 24 rays, a smaller head, contained five and one-half times in 
length of body, and more brilliant colors; the back and sides are 
purplish gray, the belly blackish gray with irregular white blotches, 
and the head brown; on the anterior part of the body are five or six 
deep blue spots, and on each side of lower jaw a blue mark; the dark 
gray dorsal has pale blotches and cross rows of rich blue spots edged 
with red; the ventrals show red and white stripes. 

SIZE. 

The Michigan grayling rarely exceeds a weight of 14 pounds, and 
the average is probably not more than one-half pound. In Montana 
waters the average weight of Zhymallus montanus is somewhat 
greater. As is true with all fish, the size is governed to a consider- 
able extent by the water temperature, food supply, and other local 
conditions. In Georgetown Lake, Mont., where the Montana Fish 
and Game Commission has been eminently successful in its efforts 
to establish the species, the average weight is placed between 14 and 
2 pounds, and although specimens taken in the South Fork of the 
Madison River weighing as high as 3 pounds have been recorded 
they seldon exceed 2 pounds in weight. 

SPAWNING HABITS. 

Grayling prefer clear, cool streams with sandy or gravelly bottom, 
although they will at times extend their range to streams where the 
bottom is strewn with bowlders and broken rock. Unlike salmon 
and trout, it would appear that grayling make no attempt at nest 
building. In this respect they, perhaps, more closely resemble the 
whitefish, as they deposit their eggs in the small eddies formed by 
roots and rocks or on natural barriers of sand and gravel. 

In Michigan, where spawning occurs in April, the eggs are nor- 
mally laid in the gravel beds of clear streams having a temperature 
range between 50 and 60° F. In certain tributaries of the head- 
waters of the Madison River, in Montana, they spawn in February 
and March, while farther down the river, near McAllister and 
Ennis, the fish spawn late in April or in early May. In Ashley, 
Ronan, and Rogers Lakes the height of the spawning season occurs 
late in May and is at least two weeks later in Georgetown Lake. 

Grayling usually ascend the tributaries of the larger streams, 
being very partial to spring-fed creeks for spawning purposes. 
They are persistent swimmers and whenever possible will ascend 
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to headwaters. On numerous occasions they have been observed 
passing artificial or natural barriers that the native blackspotted 
and rainbow trouts after repeated attempts have failed to surmount. 
They prefer streams of a rather sluggish current and containing 
deep pools, with sandy or gravel bottoms. In Montana streams 
they usually spawn in a water temperature of 50 to 52° F, 

ARTIFICIAL PROPAGATION. 

Grayling were first artificially propagated in Michigan in 1874, 
but the work was never vigorously or regularly prosecuted. It has 
recently been taken up again by the Michigan fishery authorities. 
The propagation of this species in Montana was not attempted until 
1898, but it has been systematically conducted and has been attended 
by strikingly good results. It is a noteworthy fact that the species 
has been successfully established in many waters of the State where 
it is not indigenous. In this connection Georgetown, Ronan, Rogers, 
and Ashley Lakes are prominent examples, while more recently it 
appears that plants of grayling made in waters of the Glacier and 
Yellowstone National Parks are also yielding material results. 

The establishment of the grayling in these and other waters of the 
State will perhaps serve as a balance against their depleted numbers 
or entire disappearance in waters where they are indigenous, a condi- 
tion that has been brought about by the improper methods of fishing 
formerly permitted and possibly also by the introduction of other 
nonindigenous fishes. 

At the present time artificial propagation of the grayling is prac- 
tically confined to the work being done by the Montana Fish and 
Game Commission, and the methods of culture herein described are 
those pursued and recommended by that commission. The grayling 
required for the work are captured in a modification of the ordinary 
upstream trap, formed by placing a rack or barrier across a stream 
the fish ascend for spawning, and installing, 2 rods or more down- 
stream from that point, another rack containing one or more 
V-shaped openings. The fish pass through these openings on their 
upstream journey and are trapped between the racks. Pending the 
development of the eggs and sperm, it has been found necessary to 
hold the fish in an inclosure of this kind on a natural bottom, as 
experience has demonstrated that grayling segregated as to sex or 
ripeness in wooden pens similar to those used in salmon and trout - 
propagation invariably produce eggs of an inferior quality. 

COLLECTION AND INCUBATION OF EGGS, 

Unlike practically all other species of fish eggs artificially handled, 
the eggs of the grayling produce better results when taken by the 
wet method of fertilization, which consists in stripping the eggs into 
a vessel containing a small amount of water. In the so-called dry 
method of fertilization the eggs are expressed from the fish into a 
receptacle that is moist but from which all water has previously been 
drained. The manner of stripping the males and the females differs 
in no way from that employed in the propagation of other species of 
eggs artificially manipulated. A peculiarity of the Montana grayling 
that has not been mentioned in connection with grayling propaga- 
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tion elsewhere is the comparatively small amount of milt produced 
by the males. 
When first taken the eggs are of a pale yellow hue and are almost 

transparent, resembling a drop of honey. They are about one-sixth 
inch in diameter, nonadhesive, and, because of the presence of a com- 
paratively large oil globule, they are semibuoyant. The average egg 
production is about 3,000 per pound weight of parent fish. The eye 
spots, small gilt specks with a minute black pupil, appear in from 
three to five days, and the eggs hatch in from 12 to 15 days in a water 
temperature around 50° F. 

The eggs may be successfully incubated in the trays or baskets 
ordinarily used in salmon and trout work, but, because of their 
buoyant tendency, the Downing jar has been found more satisfactory 
during the early stages of development. Approximately 125,000 eggs 
are placed in a hatching jar and held to the eyed stage, at which 
time it is customary to transfer them to trays for the completion of 
incubation. 
A peculiarity in connection with the development of grayling eggs 

is the appearance on the green eggs during the first day of an opaque 
spot, which gradually enlarges until one-half the surface of the egg 
is covered, giving it somewhat the appearance of a dead egg. This 
cloudy condition is of short duration and by the end of the third or 
fourth day is no longer visible. The embryo becomes active in the 
egg before the eye spot can be seen by the unaided eye. 
Eyed grayling eggs can be transported without difficulty when 

properly packed. Any of the methods in general use may be suc- 
cessfully applied in the preparation of grayling eggs for shipment. 

FRY AND THEIR DISTRIBUTION. 

The percentage of fry produced from grayling eggs in Montana is 
low, as a rule, seldom exceeding 50. The young fry are provided 
with a very small yolk sac. On emerging from the egg they are 
comparatively helpless and show little signs of animation until the 
sac is practically absorbed at the end of the first week. They are 
then free-swimming, about one-half inch long, and quite slender 
and delicate, resembling the fry of whitefish or shad. At this period 
they move about in search of food but are never as active as are 
salmon or trout fry at a similar age. 

It is customary to distribute the fry within two or three days 
after incubation 1s completed, since the attempts made to rear them 
-have not given good results. The fry do not take readily to arti- 
ficial feeding, and when moved from hatching troughs to rearing ponds 
they usually refuse food entirely for the first several days. How- 
ever, the outcome of recent experiments along this line gives ground 
for the belief that with proper facilities this difficulty in rearing 
may be overcome. 

THE LAKE OR MACKINAW TROUT. 

RANGE, 

The lake trout is found throughout the chain of the Great Lakes 
and the inland lakes of northern New York, New Hampshire, and 
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Maine; the headwaters of the Columbia and Fraser Rivers and 
streams of Vancouver Island; and even waters within the Arctic 
Circle are said to contain this species. The present paper discusses 
the trout of the Great Lakes and the methods employed in its arti- 
ficial propagation at the bureau’s stations on Lake Michigan, at 
Charlevoix, Mich.; on Lake Superior, at Duluth, Minn.; and on 
Lake Ontario, at Cape Vincent, N. Y. 

DESCRIPTION. 

This handsome species (Cristivomer namaycush), the largest of 
the trouts, is classed with the charrs. It has an elongated body, 
the length being about four and one-half times the depth. The head 
is large, flat above, and about as long as the body is deep. The 
mouth is large; the maxillary bone extends beyond the eye and is 
half the length of the head; the jaws have strong teeth. A pe- 
culiarity of the vomerine bone distinguishes this fish from the genus 
Salvelinus; it has a crest provided with teeth extending backward 
from the shaft of the bone. On the hyoid bone the teeth are in a 
cardiform band. The eye, placed near the top of the head, is con- 
tained only about four and one-half times in length of head. The 
caudal fin is well marked. Both the dorsal and anal fins contain 
9 to 11 rays. In the straight lateral line there are about 200 scales. 
Branchiostegals 11 to 12. . 

The coloration is quite variable in fish from different localities. 
The general color is usually dark gray. The body, head, and fins 
are covered with small, discrete rounded spots, usually of a pale color 
but often tinged with reddish. On the back and top of head there 
are fine vermiculations, as in the brook trout. Examples from some 
lakes of Maine and eastern Canada are nearly black, and Alaskan 
examples are often very dark; others are quite pale. This fish is 
known in Maine and other sections of New England under the name 
of “ togue,” and in Canada as the gray trout. 

That variety of the lake trout known as the siscowet (Cristivomer 
namaycush siscowet), found only in deep water in Lake Superior, 
is shorter and paler than the typical fish and has weaker teeth and 
a shorter head. It is, however, chiefly characterized by an excessive 
fatness, which greatly reduces its food value. 

INFLUENCE OF ENVIRONMENT. 

The nature of the environment has a decided influence on the 
characteristics of the lake trout, the temperature of the water, the 
food, and the character of the bottom entirely changing the mark- 
ings and peculiarities of the fish in its various habitats. 

FOOD. 

Until recently it was commonly thought that the principal food 
of the lake trout. was the young whitefish, and for this reason the 
fishermen of the lakes were generally unfavorable to its artificial 
propagation. The error of that belief is now generally conceded, 
though no doubt quite a number of young whitefish become food for 
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trout during each season. Inasmuch as the habits of the lake trout 
take it to deep water immediately after spawning, whereas the young 
whitefish remain in shallows, the few whitefish that are destroyed 
in this manner are either stragglers from shoal to deep water or are 
taken by trout aimlessly wandering from their natural range. The 
lake trout is an omnivorous feeder and has a ravenous appetite. It 
greedily devours all fishes possessing fins of flexible character; and 
jackknives, corncobs, and other articles equally indigestible have 
been found in its stomach. 

ENEMIES. 

The spawn and fry of lake trout suffer from the same enemies as 
the young of all fishes, but the mature fish are too formidable for 
other species to prey upon. They are troubled with a few parasites. 
Occasionally individuals very thin in flesh and sickly looking, 
known to fishermen as “racers,” are found swimming near the sur- 
face. No sufficient cause has been discovered for this condition, as 
the racers are no more afflicted with parasites than are healthy fish. 

COMMERCIAL VALUE AND ABUNDANCE. 

In the early history of the fisheries of the Great Lakes the lake 
trout was so plentiful that it did not command a price commensu- 
rate with its edible qualities. It has since increased in favor and is 
to-day one of the highly prized and, with the exception of the white- 
fishes and ciscoes, perhaps the most numerous food fish of the Great 
Lakes. It is exceeded in weight by the sturgeon only. Instances are 
cited by fishermen and others of lake trout weighing as high as 125 
pounds, and its average weight has been given at from 20 to 30 
pounds; but of late examples are rarely found exceeding 10 or 15 
pounds. If unmolested by man they might again reach the enormous 
weight of early citations, their sluggish movements and voracity be- 
ing conducive to such a result. 

In 1917 the catch of lake trout from the five Great Lakes and 
Lake St. Clair amounted to 18,344,130 pounds, valued at $1,286,704, 
the catch being exceeded in weight and value only by that of the 
ciscoes. Very little thought was given to the conservation of the 
lake trout until 1886, when it became apparent to those interested 
that decisive steps must be taken to provide against the extermina- 
tion of a most valuable food fish. Artificial propagation was un- 
dertaken at this time and has been continued by the Federal Govern- 
ment and the several States interested. During the fiscal year 1921 
the output of lake trout fry and fingerlings from the hatcheries 
operated by the Bureau of Fisheries amounted to 19,478,500. 

Attention was also directed to the desirability of regulating the 
methods employed in the fishery, and all States have enacted laws 
specifying the forms of apparatus that may be used and the season 
of the year when fishing may be legally conducted. Unfortunately 
such laws are not uniform in their application. However, most of 
the States require all fishermen to deliver, either to agents of the 
bureau or the State, all ripe eggs taken in their work or to afford 
eaten accommodations to spawn takers employed by the bureau 
or State. 
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SPAWNING HABITS. 

Spawning commences the last of September in Lake Superior and 
later in the lower lakes, since the water does not become sufficiently 
cool there as early as in the headwaters. In Lakes Huron and Michi- 
gan the height of the season is from November 10 to 20, and spawn- 
ing continues to the 1st of December. The spawning grounds are 
on the reefs of “ honeycombed ” rocks, 10 to 15 miles from shore, and 
during the reproductive period vast numbers of fish visit these places, 
spawning in a depth of from 1 to 20 fathoms. Owing to the great 
depth of water, the shyness of the fish, and the severity of the weather 
at this time, nothing definite has been determined as to the maneuvers 
of the fish while spawning. The supposition is that the female hes 
over an indentation of the rocks and allows her eggs to settle into the 
“honeycomb ” cavities, since fragments of the rock with the cavities 
filled with eggs have been hauled in by fishermen when lifting their 
nets. No doubt the general characteristics of the Salmonide are car- 
ried out by the lake trout so far as is permitted by the conditions in 
which they exist. 

Observers of the spawning habits of the lake trout in Lake George, 
N. Y., have the following to say on the subject: 

It is the habit of the lake trout to migrate to shallow water for the spawning 
function, the time varying anywhere from October 25 to November 1, in accord- 
ance with the water temperature. During the spawning period fish will be 
found upon almost every rocky shoal, at the end of an island, or along the 
main shore line, in from 1 to 4 feet of water, though they sometimes spawn 
at a much greater depth. Ordinarily spawning occurs in places where there are 
small bowlders from 1 to 3 feet or more in diameter. Between such bowlders it 
is possible to see the trout lying side by side in pairs, each heading in an oppo- 
site direction, as if to guard against intrusion from all points. 

An instance has been known of a Mackinaw trout of 24 pounds 
weight containing 14,9438 eggs; but not over 5,000 or 6,000 eggs are 
commonly found, and after the trout have attained maturity, at 3 
years of age, 1,000 eggs to the pound of fish may be accepted as a 
general rule. 
A much smaller variety, called the shoal trout, is found in Lake 

Huron in the vicinity of Alpena and in Lake Michigan near Charle- 
voix and Northport. Its weight compared with its length is greater 
than that of the true Mackinaw trout. The markings and appearance 
of the two differ also. The shoal trout spawns in September, about 
a month earlier than the Mackinaw trout. Its spawning grounds are 
the cobble, bowlder, or gravel bottoms, in from 2 to 8 feet of water. 

ARTIFICIAL PROPAGATION. 

COLLECTION AND INCUBATION OF EGGS. 

The present methods of fishing for lake trout include gill nets, 
seines, and pound nets, but most of the eggs taken for artificial propa- 
gation are obtained from the gill-net fishermen. The gill nets are 
operated from steam vessels equipped with the most approved apph- 
ances for their trade and with living quarters for a crew of 8 to 10 
men. 

During the egg-collecting period spawn takers are employed to 

accompany the fishing boats for the purpose of taking ripe eggs 

from the fish secured. Where a boat is operating a long string of 
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nets, or where exceptionally large catches are being made, two spawn 
takers may be detailed to one boat. 

Pans, pails, and dippers are taken on board and made ready by 
the time the nets are reached. As the net is lifted the men disen- 
tangle the trout and throw them on deck, where the spawn takers 
sort them over, taking the eggs from ripe females and impregnating 
them with milt from the males. During very severe weather the fish 
are thrown into the hold instead of on deck, and the work is done 
there. 
On the small gasoline boats operated by two to four men the crew 

takes the eggs and delivers them to the bureau’s agent or to the col- 
lecting boat. The eggs are sometimes taken at widely separated 
points and shipped to the main field station and then to the hatchery. 

The manner of taking the eggs is similar to that employed in tak- 
ing spawn from other trout and salmon. First, a female is taken up 
and the eggs, if mature, are gently stripped into an ordinary milk 
pan and then impregnated with milt from a male. This operation is 
repeated until the pan is half full, when the eggs are “ washed up ” 
and poured into a 5-gallon pail. The washing-up process is per- 
formed by filling the pans with water and allowing it to run off, 
repeating the act until the water poured off no longer appears milky. 
As the specific gravity of the eggs prevents their rising to the sur- 
face, this can be done without loss if ordinary care is exercised. The 
pans are refilled and emptied in this manner until the pail is half 
or three-fourths full, when it will contain about 75,000 eggs. Other 
pails or buckets are brought into use as often as may be necessary. ~ 
To keep the eggs from dying, the water is changed in the large pails 
every hour until the eggs are taken from the boat and transferred 
to scrim trays or floating boxes. All pans, pails, and other metallic 
utensils are coated with asphaltum paint to prevent the appearance 
of rust, which is fatal to the eggs. 
When the weather is so cold that there is any chance of the eggs 

freezing to the pan, two pans are used. The outside one is partly 
filled with water, upon which floats the pan that is to receive the 
eggs as they are stripped. The pan of water protects that part of 
the inside pan where the eggs rest, and in that way their temperature 
is kept above the freezing point. 

SHIPPING EGGS TO THE HATCHERY. 

When spawn takers are operating at a distance, the eggs are held 
at conveniently located field stations, whence they are sent to the 
hatchery as soon as possible; but if the stations are at isolated 
points on the lakes it is often necessary to hold the eggs for several 
days before means of transportation can be obtained. In such cases 
the eggs are held in floating boxes, which are made 24 by 14 feet 
by 1 foot, with the ends rounded up about 6 inches. The sides 
and ends are l-inch pine and the bottom 34-inch mesh iron wire 
cloth, which is continued over the rounded ends. Cleats are nailed 
on the sides, one end somewhat lower than the other, to give the 
box a tilt when placed in water. Each box carries safely about 
180,000 eggs, and when filled it is anchored either in running water 
or in a sheltered cove of the lake. In the former case a current 
of water is kept passing through the box, while in the latter the 
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eggs are given a slight motion by the action of the waves upon the 
surface of the water. 
When eggs held in floating boxes are to be shipped, they are 

dipped into pails and carried to a place arranged for packing 
them, where a table upon which to rest the trays has been impro- 
vised from any material on hand. 

The egg trays are constructed of three-fourths inch material 16 
inches square inside measurement, with cheesecloth or linen scrim 
tacked on one side. A case large enough to contain 19 of these 
one over the other and to allow for a surrounding air space of 1 
inch is made of seven-eighths inch pine. Cleats of one-half inch 
material are fastened to the bottom, on which the egg trays rest, 
and 1-inch strips are attached to the inside corners to hold the stack 
securely in position. The case is provided with hinged cover and 
suitable handles. Such a case with 18 egg trays, the top tray being 

Fic. 38.—Floating box. 

filled with moss and serving as a cover for the eggs, has a capacity 
for approximately 145,000 eggs. 
When making up a shipment from a field station, the eggs are 

transferred from the pails to trays by means of a graduated dipper. 
About 8,000 are carefully placed on a tray and evenly distributed. 
This is easily accomplished by a gentle shake of the tray, holding 
it on a flat, smooth surface. A small amount of water in the measure, 
added either before or after the eggs are on the tray, will facilitate 
the work. The use of ice depends upon the outside air temperature 
and the distance the eggs are to be transported in baggage cars. 
For short shipments from the field little, if any, is needed. If the 
case is to pass through a varied air temperature, moss is packed 
in the space between the trays of eggs and the sides of the shipping 
case for protection against abrupt changes in the weather. . 

If it is necessary to hold the eggs on the trays for any length of 
time, as is often the case, each tray must be taken out and sprinkled 
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with water at least once every 24 hours. If held for a longer period 
than four or five days, they must be taken from the trays and washed 
in a tub of water in the manner described in taking spawn. In add- 
ing water the dipper is either held down near the eggs or the water 
is poured against the side of the tub a little above the surface of the 
spawn in order to guard against its striking them with such force as 
to cause injury. Poured in this manner the eggs are given a steady 
whirling motion and are not injured. 

The process of transferring eggs from trays to a tub is very simple. 
After filling a tub with water to about one-third of its capacity a 
tray of eggs is placed in the water at an angle of about 45° with its 
surface, causing most of the eggs to slide down the incline into the 
tub. The few remaining eggs may be washed down by pouring a 
little water on the uppermost side of the tray. After giving the 
eggs a good washing they are replaced on the trays and returned to 
the cases as described above. 

The eggs are shipped in charge of a messenger to insure careful 
handling at transfer points and when being placed in the baggage 
car. They must be kept in the coolest place in the baggage car, pro- 
vided its temperature is not below 28° or 30° F. 

MORTALITY OF LAKE-TROUT EGGS. 

Because of the difficulties encountered in collecting lake-trout eggs 
from commercial fishermen for artificial propagation it is not sur- 
prising that the percentage of fry produced from such eggs falls 
below the percentage realized in the hatching of other species of 
trout whose eggs are obtained under more promising conditions. 

In common with the eggs of all the trouts and salmons, the eggs 
of the lake trout display a strong adhesive tendency when first ex- 
pressed from the fish. This characteristic persists for a longer or 
shorter period, apparently depending to a considerable extent on the 
water temperature. The necessity of absolute quiet during this 
period has long been recognized in fish-cultural practice. The roll- 
ing and pitching of the boats upon which the spawn takers operate 
prevent the eggs from separating naturally. Separation should 
occur approximately within 30 minutes after the eggs are stripped, 
but, as the boats are out from 5 to 24 hours or longer, quiet is no 
longer of value when they reach the shore. Furthermore, the tem- 
perature often falls below the freezing point, and despite all pre- 
cautions considerable numbers of the eggs are frequently chilled, 
though the ill effects may not become apparent until after they have 
reached the hatchery. Other losses often occur through accident or 
the carelessness of those handling the cases of green eggs while en 
route to the hatchery. 

It is very probable that the greatest loss occurs through improper 
taking of the eggs. The bureau can not place experienced spawn 
takers on all the boats, and the fishermen of the smaller outfits 
take the eggs available and are sometimes careless in performing 
the operation. Frequently eggs and milt are taken from fish that 
have been dead for some time. After taking the eggs they are not 
always cleaned and carefully placed in the kegs. The fishermen are 
naturally more interested in the catch of fish than in the care of 
the eggs. 
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HATCHERY EQUIPMENT. 

The hatching trough in use at the Charlevoix (Mich.) station 
embodies the principles of the Williamson hatching apparatus, 
with the exception that it has deep pockets and trays (fig. 40). 
Though simple in construction, this trough possesses more ad- 
vantages than any other device for the development of large num- 
bers of eggs within a limited space. It permits of a thorough circu- 
lation of water; the eggs can be readily handled for picking and 
cleaning, and the fry may be carried on trays until the yolk sac is 
absorbed, when they are ready to plant. Only the best 14-inch pine 
or cypress is used in its construction, all planks containing imper- 
fections being rejected. The sides and ends are each made of a 
single piece of lumber, the bottom being made first. ATI strips of 
different widths used in the construction are tongued and grooved, 
and all joints are laid in white lead. 

Referring to Figure 40, it will be noted that the trough is divided 
by cross partitions into compartments 16} by 143 inches. The sta- 
tionary wooden partitions are mortised one-fourth inch in the sides 
of the trough and are raised three-fourths inch from the trough 
bottom to allow water to pass under them. They extend to within 
three-fourths inch of the top. The movable partitions are made of 
14 or 16 gauge galvanized iron, set 14 inches from the others in one- 
fourth inch saw cuts in the sides and bottom of the trough and are 
readily removable. These movable partitions extend from the bot- 
tom of the trough to the level of the top egg tray. 

In the bottoms of the compartments thus formed strips one-half 
inch by seven-eighths inch are nailed at the sides, on which the 
trays rest. Each compartment holds 13 trays, of which 12 are filled 
with eggs, the top one serving merely as a cover to prevent the 
eggs on the twelfth tray from being carried off by the current. 
About three-fourths inch below the top on either side is a three- 
eighths-inch groove running the full length of the trough. A cross- 
bar with a five-eighths-inch block is made to fit into these grooves 
and hold the trays securely in place, preventing them from rising 
in the water. 

Water enters the head of the trough through a 1-inch pipe, a flow 
of 5 gallons per minute being the usual volume. By arranging the 
artition as is indicated in Figure 40, all water must pass from the 
ottom of the trough upward through each alternate stack of trays 

containing the eggs or fry, flowing first over an iron partition, under 
the succeeding wooden one, up through the trays, and so on through- 
out the length of the trough. 

The troughs are set upon iron standards cemented into the floor 
and are given a pitch of 1 inch to every 8 feet in length. The height 
from the floor is a matter of convenience to the operator, or it de- 
pends upon the fall of water available. The trays are wooden 
frames 14 by 16 inches, made of seven-eighths-inch strips. They are 
covered with galvanized wire cloth 14 meshes to the inch for eggs, 
a smaller mesh being substituted for fry, as is described under care 
of eggs and fry. The trays will conveniently hold 1 quart of eggs 
(approximately 6,400) or 3,500 fry to the time they are ready to 
take food. The troughs and trays are given three coats of asphaltum 
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paint before using and one additional coat at the beginning of each 
successive season. 
Where there is occasion to economize in the use of water, it may 

pass through two or more troughs,‘so placed that the overflow from 
the first trough is 8 inches higher than the head of the one immedi- 
ately below. This fall gives some aeration to the water, and the 
results are usually as satisfactory as where an independent water 
supply is furnished to each trough. In this manner two double 
troughs, with 38 compartments, occupying a floor space of about 90 
square feet, with the required flow of 10 gallons of well-aerated 
water per minute, will accommodate very nearly 3,000,000 eggs. 

If the water supply carries any considerable amount of sediment, 
or if it is subject to even occasional periods of turbidity from sur- 
face drainage or other causes, it is essential to install a filter, other- 
wise the eggs soon become coated with sediment, the trays clog, and 
the water circulation is impaired, a condition which is sure to result 
in serious loss. The bureau has found that water pumped directly 
from the lakes is the most satisfactory source of hatchery supply. 
Spring water, with its usually higher temperature, shortens the 
natural incubation period and for this reason is objectionable. 
A convenience in caring for the eggs is a shallow picking trough 

of any length, 15 inches wide and 24 inches deep. A strip one-half 
by seven-eighths inch is nailed along each side of the bottom, and 
upon these the trays rest, to give a good circulation while the eggs are 
being assorted. The trough has a fall of not more than one-half inch 
throughout a length of 20 feet, and it is fed by a flow of about 2 gal- 
lons of water per minute. A dam at its lower end raises the water 14 
inches, not entirely covering the trays. This is a point that must not 
be overlooked, for if the water flows over the tops of the trays many 
of the eggs or fry will be washed away. 

CARE OF EGGS AND FRY. 

On arrival at the hatchery the eggs are removed from the shipping 
eases and turned into tubs, whence they are transferred to the hatch- 
ing troughs. In removing them from the shipping trays to tubs the 
method followed in washing eggs that have been held in cases for 
several days is employed, the transfer being made at a temperature 
not exceeding 50° F. 

The eggs are measured in a dipper having a perforated bottom, its 
capacity first being determined by an actual count of eggs, 1 quart— 
approxmately 6,400 eggs—being placed on each tray. A tray is 
placed in the water and a dipperful of eggs poured upon it and 
evenly distributed; then another tray, placed on top of the first, is 
filled, and the operation repeated until 12 trays have been filled. The 
thirteenth, or cover tray, is left empty and the whole apparatus is 
secured in place by the use of the cross bar or binder described on 
page 24. For the first few weeks after the eggs are installed in the 
hatchery they must be given close attention to prevent the growth 
and spread of fungus; all dead eggs must be carefully removed and 
the trays and troughs kept thoroughly clean. 

To remove the egg trays for assorting, the binder is first slipped 
from the grooves and the trays are taken out separately. Each tray 
will rise to the surface as the one above it is removed, or they may be 
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taken out as a unit by encircling the stack of trays with a galvanized- 
iron binder 14 inches wide. All the trays are taken from one com- 
partment and placed one after the other along the picking trough. 
The dead eggs, which soon become white and opaque and are easily 
distinguishable, are then picked out with small metal tweezers. If 
allowed to remain on the trays, a fungus would soon develop on them 
and spread its growth until all eggs within a short radius were af- 
fected and eventually smothered. When it is necessary to change 
the position of the eggs, bringing those at the bottom to the surface, 
it may be accomplished by the use of a soft feather, which, if care- 
fully manipulated, will have no injurious effect. After carefully as- 
sorting the eggs the trays are again placed in the hatching trough 
and are looked over at least every three days during the first five or 
six weeks. 

After the eggs have reached that stage of development where the 
eye spots are discernible by the unaided eye they are comparatively 
hardy and less susceptible to injury from handling. At this time it 
is customary to remove them from the hatching trays and subject 
them to a thorough washing. This may be accomplished by placing 
the eggs in pans or buckets and passing a soft feather brush among 
them; or a stream of water can be introduced into the vessel with 
sufficient force to agitate the eggs to a considerable extent. This 
washing not only removes all sediment that may have become at- 
tached to the outer covering of the eggs, but it also causes all infertile 
eggs (ringers), which up to this point have retained the color and 
appearance of good eggs, to turn white, thus greatly facilitating 
their removal. If there are only a few infertile or dead eggs, they 
may be removed by the use of the tweezers mentioned; but if there 
is a considerable number, their separation can be more readily accom- 
plished by submerging the trays with the eggs in a salt solution. As 
the specific gravity of dead eggs is slightly less than that of live ones, 
they rise to the surface of the solution and may be removed with a 
small net. The salt solution is composed of approximately one part 
dairy salt to eight or nine parts of water. It is always advisable to 
test its suitability by introducing into it a small number of both 
living and dead eggs. Fresh water or salt may be added as required 
to bring the solution to the proper density. 
From this time to the hatching point the eggs will require but 

little attention, it being necessary to go over them only about once a 
week for the purpose of removing any accumulation of sediment or 
an occasional dead egg. 
From two to three weeks before the hatching period the eggs are 

transferred from the trays to tubs of water, carefully washed, and 
placed on clean trays, after which a careful measurement is made to 
determine the actual number of eyed eggs remaining in the hatchery. 
From this time until the fry commence to hatch a careful count is 
kept of all the dead eggs removed. On the completion of the hatch- 
ing period this number is deducted from the measurement of the 
eyed eggs to determine the approximate number of fry. A careful 
count is also kept of the fry losses up to the time they are ready to 
plant. In a water temperature of 40° to 45° F. the eye spots are 
visible in from 20 to 40 days, while the total incubation period is 
approximately 131 days in a mean temperature of 36°. The fry 
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absorb the yolk sac in 30 days at a mean temperature of 39°. These 
stages of development are all subject to considerable variation, being 
shortened or lengthened as the mean water temperature is decreased 
or increased. As the time of hatching approaches the distinct outline 
of the fish is plainly visible in the dark hue of the egg, and the con- 
vulsive movements of the embryo fish continue to increase until 
hatching occurs, when the fish breaks forth from the shell with its 
tail. The bright warm days of spring and the slightly warmer water 
temperatures usually bring out 50 per cent of the fry between the 
hours of 6 and 10 p. m. 

Just prior to the hatching period the eggs are removed from 
the trays on which they have been developing and transferred to 
trays covered with wire cloth of smaller mesh—16 to the inch. 
The larger mesh cloth gives a freer circulation of water during 
the development of the eggs, but the smaller mesh is required for 
the fry, as the yolk sacs of many of them become enmeshed if a 
more closely woven cloth is not provided. 

Considerable attention is required of the fish-culturist at this 
time to guard against smothering of the fry. The shells from 
hatching fish must be removed to prevent clogging of the-trays 
and stoppage of the water circulation. To provide against it, 
when about 50 per cent of the eggs have completed development, 
one stack of 12 trays is emptied into a pan of water and the eggs 
and fry stirred with a feather. This causes the shells to rise to 
the top, and they can be poured off easily by gently tipping the 
pan. By repeating the operation several times the hatching fish 
are entirely freed from refuse. In returning the fish and eggs to 
the trays they should be divided as equally as possible among the 
12 trays. To accomplish this the trays are placed in the picking 
trough and the fish-culturist starts at the upper end, pouring an 
equal quantity on each of the trays. Since handling the eggs at 
this time hastens hatching, it is seldom necessary to give this treat- 
ment more than two or three times. 
From the hatching period until just prior to the complete absorp- 

tion of the food sac, at which time the fry are usually distributed, 
the treatment given them is somewhat similar to that prescribed for 
the eggs. Monstrosities, “blue-sacs”, and dead fry are picked 
out as soon as discovered. The fry grow very fast at this period; 
therefore it is not advisable to place more than 3,500 on a hatching 
tray, 14 by 16 inches in dimensions, which number can be held until 
they are ready to plant. 

DISTRIBUTION OF FRY. 

In view of all the considerations involved, perhaps the most satis- 
factory results are to be obtained from planting lake-trout fry just 
prior to the complete absorption of the yolk sac. Liberated at this 
stage of development, they are provided with sufficient nourishment 
to sustain life until they become somewhat acclimated to their new 
surroundings and the impulse to forage for their natural food has 
not been lessened by having artificial food placed conveniently before 
them. At none of its stations where lake trout are propagated is the 
bureau equipped for rearing to the fingerling size the large numbers 
of fry produced. In view of the importance of the industry de- 
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pendent on the lake-trout fishery and the urgent need for exercising 
the most careful conservation in order to maintain the supply, the 
bureau has for a number of years found it expedient to distribute 
the output of its lake-trout hatcheries on the local spawning 
grounds from which the eggs are obtained. The fry are placed in 
the ordinary 10-gallon cans used in the distribution work, one tray 
of fry being carried to each can for medium distances. They are 
frequently transported in the bureau’s distribution cars to a con- 
venient lake port and thence by means of a fishing steamer to the 
planting areas. However, most of the plants are made by placing 
the cans of fish on regular commercial vessels employed for the 
trip. At the Charlevoix (Mich.) station, where the bureau has a 
boat equipped with two troughs, the trays of fish are carried from 
the hatchery to the boat, a distance of 100 feet, and placed in troughs, 
which are supplied with running water by a pump. Since the con- 
ditions are the same as in the hatchery, the fry may be carried long 
distances without loss. Allotments of lake-trout eggs are not in- 
frequently supplied to various State fish commissions, where this 
course will result in economy in distributing the resulting fry or 
where possibilities exist for extending the fishery to new and unpro- 
ductive fields. 

PACKING EYED EGGS FOR SHIPMENT. 

Just as soon as the eye spots are plainly visible the eggs can 
be packed and successfully shipped to any part of the United States 
or to most of the foreign countries, provided they are maintained 
at a uniform temperature. The shipping trays are usually con- 
structed of material three-fourths inch thick by 1 inch wide, and 
the bottoms are covered with linen scrim or heavy cheesecloth. The 
size of the trays depends upon the number of eggs to be shipped. 
For a 50,000 case of eggs 12 trays 14 inches square are used. After 
installing the eggs on them the trays are placed one above another 
in the ege@ case. The ice hopper is then inserted and the pressure 
of the lid holds down the entire lot. For shipments to points within 
the United States where the eggs will not be en route more than four 
or five days the packing case is insulated with a 14 or 2 inch thick- 
ness of ground cork. 

In preparing the shipment the temperature of the room in which 
the eggs are to be packed should not be higher than 40° or lower 
than 26° F. The trays are first stacked in order on a table to re- 
ceive the eggs; then a compartment of eggs that has been pre- 
viously picked and cleaned is taken from the trough and carried 
to the packing room in a tub of water. The day before the ship- 
ment is to be made up the eggs are usually poured from one pan to 
another, the slight concussion resulting being sufficient to cause all 
infertile eggs to turn white. In the packing room most of the water 
is poured from the tub, and the eggs are removed by the use of a 
graduated dipper with perforated bottom and placed in a 16-ounce 
glass graduate. The proper number of ounces is then poured onto 
each tray, the trays having previously been spread with mosquito 
bar from 4 to 6 inches wider than their outside dimensions. The 
eggs are carefully distributed over the surface of the tray, as already 
described, and the edges of the mosquito bar brought in and lapped 
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over the top of the eggs. Unless the shipment is to be in transit a 
number of days it is not necessary to use moss. When moss is used 
it is placed between the eggs and the wooden frame of the tray, and 
frequently some of it is scattered over the top of the eggs, the mos- 
quito bar preventing it from coming in direct contact with them. 
The best moss for the purpose is known as sphagnum, which is 
found in low, swampy places. It should be gathered in the fall 
when green and stored in a damp place until required. It is well 
soaked in water before placing it on the trays and the surplus water 
removed by squeezing a bunch of it between the hands. 
When packed, the egg trays are placed upon an empty tray that 

has previously been filled with moss, the upper tray of eggs is cov- 
ered with a tray of moss, and the ice hopper is put in place. Best 
results will follow if a block of ice is fitted into the ice hopper. 
In most of the shipments that are destined to points within the 
OCnited States crushed ice is not used around the egg trays. Ship- 
ments intended for foreign countries are prepared in the same man- 
ner, except that moss is placed on each of the egg trays and the 
outside packing case is provided with a 2-inch thickness of cork 
insulation. The interior of the case is so arranged as to provide a 
14 or 2 inch space all around the egg trays for crushed ice. An 
ice hopper is also used at the top. These cases are shown in 
Figure 42. 

FEEDING AND REARING. 

Lake-trout fry may be held in troughs and fed, as are the fry 
of other species of trout. Such a procedure is prohibitive at sta- 
tions of the Bureau of Fisheries that are concerned with the com- 
mercial fishery, owing to the impossibility of providing sufficient 
space and facilities for accommodating the large numbers produced. 
Moreover, it is the consensus of opinion among scientists and fish- 
culturists that better results are assured in this field by planting 
the young fish on the spawning grounds just before the yolk sac is 
absorbed, at the time when they are known as “ free swimmers.” 
At stations of the bureau where small numbers of lake trout are 
reared for noncommercial purposes the fish are held in troughs 12 to 
16 feet long, 14 inches wide, and 8 inches deep, inside measurement. 
A screen compartment about 6 inches wide at the head of the trough 
prevents the fish from coming in direct contact with the inflow of 
water, and about 1 inch below it is a dam board extending within 
one-half inch of the bottom of the trough. At intervals of 18 inches 
throughout the remaining length of the trough cleats 13 inches high 
are mortised across the bottom of the trough. In the sides of the 
trough just above the cleats saw cuts one-fourth inch deep are made 
for the insertion of screens, their purpose being to distribute the fish 
evenly in small compartments throughout the length of the trough. 
After the fish have been fed for two or three weeks they will adjust 
themselves to the different parts of the trough, when the screens 
may be removed. 
A week or 10 days before the disappearance of the yolk sac the 

fry intended for rearing should be transferred to troughs. A trough 
14 feet long, supplied with 8 to 10 gallons of water per minute, at 
a temperature ranging from 45 to 50° F., will support 25,000 fry 
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for two or three weeks after the beginning of the feeding period. 
As the fingerlings increase in size they must be thinned by removing 
some of them, and by the time they have attained a length of 3 
inches not more than 5,000 can be safely carried to a trough. 

For the first four weeks the fry are fed from four to six times a 
day on finely chopped beef liver or beef heart. The food must be 
carefully trimmed of all fat and gristle, and, after being run through 

. the finest plate of a meat chopper two or three times, it should 
finally be passed through a tin having perforations one-tenth inch 
in diameter. This tin is usually placed between the knives and the 
plate on the meat grinder. Just before giving it to the fish the food 
is diluted with water and carefully stirred with a spoon. A small 
amount is then dipped up with a feather and carefully placed in 
the troughs. For some days the fish will appear not to be taking 
their food, but with the continuance of the feeding routine the entire 
lot will soon commence to feed. No prescribed quantity of food can 
be suggested for a given number of fish. The amount must depend 
upon the manner in which the fish take it. From 50 to 70 days after 
hatching the number of feedings per day may be reduced to three. 

The troughs must be thoroughly cleaned twice daily, morning and 
evening, and during the cleaning process it is usually well to double 
the flow of water. The foul matter in the trough may be gradually 
worked to the foot screen with a feather, and by reducing the depth 
of water in the trough the scurrying of the fish will hasten the flow of 
sediment toward the foot screen. 

After the fish reach a length of 2 or 3 inches they may be dis- 
tributed in outside rearing ponds. At stations of the bureau where 
lake trout were formerly reared in ponds from 50,000 to 75,000 fish 
of this size were held in a pond 100 feet long, 5 to 6 feet wide, and 
provided with a flow of 35 to 50 gallons of water per minute, at a 
temperature not exceeding 50° F. Ponds for work of this character 
should have natural earth sides and gravel bottoms. 
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INTRODUCTION. 

The bureau’s work in Alaska was conducted along much the usual 
lines in the calendar year 1922, the chief change being the adoption 
of the policy of establishing reservations in districts that were 
threatened with overfishing and the licensing of operators under 
restrictions on output and apparatus. Two reservations were cre- 
ated, the Alaska Peninsula Fisheries Reservation by Executive order 
of February 17, 1922, and the Southwestern Alaska Fisheries Reser- 
vation by Executive order of November 3, 1922. Special regula- 
tions governing fishing operations in the Alaska Peninsula Fisheries 
Reservation were in effect during the fishing season of 1922. 
A considerably increased force of temporary stream guards worked 

under the direction of the bureau’s permanent employees during the 
active fishing season. Three patrol boats. were added to the bureau’s 
fleet and were made use of for the first time this season. A larger 
number of small boats was also chartered during the season. 
An expedition was again sent into the Bristol Bay region, which 

during the early part of the season gave attention to the destruction 
of predatory fishes and birds and during commercial fishing activi- 
ties maintained a patrol for the enforcement of the fishery laws and 
regulations. 'Two members of the party remained in the district 
during the winter of 1922-23 to make an examination of spawning 
beds and secure information as to the size of the escapement of 
spawning salmon. 
A count of spawning salmon ascending the Karluk River was 

again made, and similar operations were undertaken at Chignik 
River, where a rack was constructed a short distance above Chigmik 
Lagoon. <A special study of fishery conditions on the Kuskokwim 
River was made. 

The bureau cooperated with the Federal Power Commission in 
connection with applications for licenses for power projects in 
Alaska. Inquiries were made regarding the use of salmon for fox 
food on the numerous fur farms in Alaska. 

In connection with studies by Dr. C. H. Gilbert of the life history 
of the Pacific salmons, and particularly the determination of migra- 
tion routes, important work was inaugurated by the tagging of sal- 
mon taken from traps along the Alaska Peninsula and at the Shuma- 
gin Islands and by the collection of data on the time and place of 
recapture. . 

No change was made in the regulations for the protection of wal- 
ruses and sea lions. 

Transportation of Government employees and supplies for the 
Pribilof Islands was chiefly by commercial vessels, although valu- 
able assistance along these lines was rendered by Coast Guard and 
naval vessels in a number of instances. 

Operations in connection with the fur-seal and blue-fox industries 
and the administration of the affairs of the natives on the Pribilof 
Islands were carried on in a manner similar to previous years. The 
improved methods of taking skins and the removal of blubber at the 
islands was extended in operations on St. Paul Island. The total 
take of sealskins in the calendar year 1922 was 31,156; and 888 blue 
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and 29 white fox skins were taken in the trapping season of 1922-23, 
in addition to which 12 live foxes for breeding purposes were sold 
to fox farmers in Alaska. 
Two sales at public auction of sealskins taken on the Pribilof 

Islands were held at St. Louis in 1922 by the selling agents of the 
department. The fox skins taken in the preceding season were also 
disposed of at one of these sales. 
Acknowledgment is made of the assistance rendered by Assistant 

Agent Edward M. Ball in the compilation of statistics and text in 
the fisheries section of this report and by H. D. Aller and Edward 
C. Johnston in the preparation of data regarding the fur-seal and 
fox industries of the Pribilof Islands. 
A special party headed by the Assistant Secretary of Commerce, 

and of which the author of this report was a member, made an ex- 
tensive trip for the study of conditions of the fisheries and fur seals 
of Alaska, also the seal herds of Russia and Japan, and returned by 
way of Asia and Europe. The latter part of the trip was more par- 
ticularly devoted to trade promotion and a study of economic condi- 
tions in the various countries visited. 

SPECIAL INVESTIGATIONS BY ASSISTANT SECRETARY OF COM- 
MERCE AND PARTY. 

With a view to making certain essential inquiries regarding the 
fisheries of Alaska and the fur-seal industry of the north Pacific, also 
to devote attention to other important governmental matters, a party 
sailed from Seattle June 20, 1922, on the Coast Guard cutter Mojave, 
which had been specially detailed for this purpose. The party was 
headed by C. H. Huston, Assistant Secretary of Commerce, other 
members officially attached being Dr. Leonhard Stejneger, of the 
United States National Museum; Dr. Alfred H. Brooks, United 
States Geological Survey; Lieut. Col. H. M. Evans, United States 
Public Health Service; Lieut. John M. Creighton, United States 
Navy; Ward T. Bower, Bureau of Fisheries; D. J. Davis, Depart- 
ment of Labor; and J. L. Baker and C. E. Lindquist, special] assist- 
ants. Col. James G. Steese, president of the Alaska Road Commis- 
sion, joined the party at Juneau and continued as far as Petro- 
paulski, Siberia. In Alaska the more important places visited were 
Ketchikan, Yes Bay, Wrangell, Petersburg, Juneau, Cordova, Se- 
ward, Karluk, Chignik, False Pass, Akutan, Unalaska, the Pribilof 
Islands, and Nome. En route from Seattle a brief stop was also 
made at Prince Rupert, British Columbia. At Cordova the party 
left the Mojave and proceeded by railroad and automobile to Fair- 
banks, thence by Government railway to Anchorage and Seward, 
where the A/ojave was rejoined. 

Consideration was given to important fishery questions in the Ter- 
ritory, particularly in regard to measures for perpetuating the sup- 
ply of salmon so seriously threatened in a number of places. The 
Government hatchery at Yes Bay was visited, as was also the Terri- 
torial hatchery at Juneau. Important conferences were had with the 
Governor of Alaska and other officials. Note was made of the salmon- 
counting experiments conducted at Karluk. Important action was 
taken in regard to administering the fisheries of the Alaska Penin- 
sula Fisheries Reservation. 
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On July 10 Mr. Huston, accompanied by Dr. Stejneger and Messrs. 
Bower, Baker, and Lindquist, left the M/ojave and proceeded to the 
Pribilof Islands on the Coast Guard cutter Algonquin, arriving at 
St. Paul Island July 12, having stopped for a few hours en route 
at St. George Island. Doctor Stejneger and Captain Lindquist 
left the Pribilofs shortly thereafter on that vessel for the Com- 
mander Islands via Unalaska for a special investigation of the Rus- 
sian fur-seal herd. Mr. Huston made a thorough investigation of the 
condition of the fur-seal herd at the Pribilof Islands and observed 
administrative methods and various features of the work. Attention 
was devoted especially to the improved manner of taking sealskins 
by stripping the pelts from the animals instead of the old laborious 
skinning by hand. The journey was resumed on the J/ojave July 19, 
arriving at Nome July 21. 

Thereafter visits were paid to Emma Harbor and Anadir, Siberia, 
where salmon fishery conditions were noted. Although the river at 
Anadir is large, it does not carry a particularly heavy run of salmon. 
No canneries were found in that region, and fishing operations were 
limited to two salteries, the product being destined for Japanese 
markets. 

The Mojave returned from Anadir to Dutch Harbor, Alaska, for 
fuel, sailing from that place August 2 and arriving at Bering Island 
of the Commander group on August 8, where a brief visit ashore 
was made and Doctor Stejneger and Captain Lindquist were taken 
aboard. The condition of the fur-seal herd of the Commander Is- 
lands is not good; the lack of stable government has proved unfor- 
tunate in respect to the protection and conservation of the Russian 
seal herd. Representatives of the Government at Vladivostok were 
in charge, but their authority was more or less in doubt and they 
did not know what developments might be brought forth from day 
to day. Inasmuch as this condition has resulted in lack of supplies 
for the natives, it is only natural that they should engage in the 
oceasional surreptitious disposal of fur-seal and fox skins. From 
time to time Japanese cruisers have visited the waters, and it is said 
that the natives traded skins for supplies. It was understood that 
in 1922 about 600 fur seals would be taken at the Commander Islands, 
chiefly for food for the native inhabitants. . 

There has been some seal poaching by Japanese schooners around 
the Commander Islands; in fact, the crew of a Japanese vessel was 
captured by native guards at Copper Island and was confined in jail 
at the time the Mojave was in Petropaulski. Subsequent inquiries 
at Tokyo developed the fact that officials of the Japanese Govern- 
ment regard this poaching as wholly improper and indefensible. 

The Russian fur-seal herd has declined to probably not over 18,000 
animals. This matter will be made the subject of a special report 
by Doctor Stejneger, who had visited the Commander Islands pre- 
viously in 1882, 1883, 1895, 1896, and 1897. The department con- 
sidered itself fortunate in securing the services of Doctor Stejneger 
for this important investigation. 

From August 9 to 11 the J/ojave was at Petropaulski on the Kam- 
chatka Peninsula, where inquiries were made regarding fishery and 
fur-trade conditions. This is the principal port on the Kamchatkan 
coast and is the base of salmon fishery operations conducted at four 
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canneries in that region. The Kamchatka River, about 100 miles 
north of Petropaulski, is the only stream of real importance on the 
eastern coast of Kamchatka. It hasa fairly good run of red salmon. 
On the west coast of Kamchatka the Ozernaya River has a good 

run of red salmon and is fished by several canneries. The lack of 
harbors makes operations precarious. The products are marketed 
largely in Japan and England. Fishery operations are chiefly con- 
trolled by Japanese capital. Several Japanese cruisers were observed 
in this region, their presence being primarily to afford protection 
to Japanese fishing interests. 

Krom Petropaulski the J/ojave proceeded to Robben Island, arriv- 
ing August 15. Representatives of the Japanese Government who 
had been especially sent there for the occasion extended a cordial 
welcome. <A careful examination of the rookeries revealed them to 
be in splendid condition. The Japanese Government is handling 
Robben Island very successfully. Doctor Stejneger visited this is- 
land in 1896 and was much surprised to note the great increase of 
the herd in 1922. This island is small, not over one-half mile in 
length, and the number of fur seals is necessarily correspondingly 
limited. Doctor Stejneger’s preliminary estimate, however, was that 
the herd now numbers upward of 20,000 animals, a very remarkable 
increase. The take of skins in 1922 numbered 600. The results of 
observations here will be covered in a special report. 

After leaving Robben Island August 16 the A/ojave made calls at 
Otomari, Otaru, and Hakodate and reached Yokohama August 26. 
Members of the party visited Tokyo for conferences with Japanese 
officials and went also to the Marine Biological Laboratory at Misaki. 
Messrs. Stejneger, Brooks, and Lindquist returned to the States by 
commercial steamer from Yokohama. Dr. James F. Abbott, com- 
mercial attaché at Tokyo, joined the party and remained with it 
until arrival at Shanghai. Some of the members of the party pro- 
ceeded to Kyoto and Osaka, rejoining the A/ojave at Kobe. After 
leaving the latter port a call was made at Itozaki, and Vladivostok 
was reached September 6, where consideration was given to fishery 
matters affecting the Siberian coast. The party left Vladivostok 
September 9 and arrived the following day at Fusan, Korea. From 
this point Mr. Huston and Doctor Abbott proceeded by train to 
Seoul, Mukden, Peking, and Shanghai. The Afojave reached Shang- 
hai September 14 and remained nine days. The next port of call was 
Manila, which was reached September 27. Lieutenant Creighton 
left at this point and returned to the States. 

At Manila the Mojave was dispensed with. Approximately 103 
days were spent aboard the vessel and about 12,000 miles were cruised. 
This was the first extended voyage of the Mojave, one of the new 
electric-driven Coast Guard cutters built in the fall of 1921. The 
results speak very highly for the ship and for the efficiency of 
Lieut. Commander H. G. Hamlet, commanding the vessel, and the 
officers and crew. Acknowledgment is hereby made of the splen- 
did cooperation and numerous courtesies freely extended by the 
officers and crew of the Mojave. 

From Manila the party, which now consisted of Assistant Secre- 
tary Huston and Messrs. Evans, Bower, Baker, and Davis, proceeded 
by commercial steamer to Hongkong. A trip was also made to 
Canton. October 10 the party left Hongkong for Singapore, which 
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was reached five days later. Other points thereafter visited in- 
cluded Penang, Calcutta, Bombay, Aden, Port Said, and Cairo. 
Marseilles was reached November 25. From that point visits were 
made to Monte Carlo, Rome, Milan, Zurich, Vienna, Prague, Berlin, 
Brussels, Paris, The Hague, and London. Departure from South- 
ampton occurred December 14, and New York was reached De- 
cember 23. 

After leaving Japan attention was chiefly devoted to a study of 
economic conditions and possibilities of trade promotion through the 
countries of Asia and Europe. Attention was also given to the 
activities of representatives of the Department of Commerce sta- 
tioned in those countries. 

In London visits were made to plants where fur-seal skins have 
been dressed and dyed, and special attention was given to conditions 
affecting the marketing of fur-seal skins. The conclusion was 
reached that there was nothing to warrant any change in the method 

this Government in disposing of its fur-seal skins in the United 
tates. 

REGULAR EMPLOYEES, ALASKA SERVICE. 

During the year 1922 the following regular employees were identi- 
fied with the Alaska service of the bureau: 

Regular employees identified with the Alaska service in 1922. 

Name. Position. Headquarters or chief place of duty. 

Ward T. Bower.........-- Field assistant..........---- Washington, D.C. 
Dennis) Winn; ... see. =-<5 Chief agent. 255-6 o0ce- aoe Seattle. 
Edward M. Ball.......... Assistant agent. ........-.-- Juneau. 
Harry J. Christoffers. .....|.-..-. Oe SRE A EE ee 5 Seattle. 
Calvin F. Townsend...... IMSPCCUOLS a oe eee cee eet ate Fairbanks, 
Shirley A. Baker.........- Assistant agent...-......--.- Cordova. 
Lemuel G. Wingard.......|/....-. GO pee. 2350s eats Bethel. 
ACSERAProctores4. 23.7 one Superintendent.......-....- St. Paul Island. 
Charles E. Crompton...... Agent and caretaker........| St. George Island. 
ane Ds Avler= = <a cnoeecclone ns Cease pean — pateetad St. Paul Island. 
Edward C. Johnston...... Storekeeper ..ja5. hs sier-- 23 Do. 
Henry C..Scudder...:.....|....- GOee osoec cer tees St. George Island. 
George B. Bowlby......-- Physician 20: ' te Uctee es. 2 St. Paul Island. (Resigned Oct. 9, 1922.) 
William M. Murphy......|..... (IN 7 Ssee 5 suseisoe aot ee = St. George Island. (Resigned Aug. 11, 1922.) 
George S. Lesher..........|...-- GU sit cemasatelcis nese era St. George Island. 
Robert E. Davis.........-.|.-.--- dO: 452. heey ees St. Paul Island. (Appointed Oct. 10, 1922.) 
Henry Mygatt............ Assistant to agent.......-.--. St. Paul Island. (Resigned Aug. 9, 1922.) 
Paul BE! Moran = 70) Joe Poo dot... 3G. ee St. Paul Island. (Appointed Aug. 10, 1922.) 
Richard Culbertson ....... School-teacher..........-.-- St. PaulIsland. (Resigned July 31, 1922.) 
Harold W. Lashier........|....- GORE ee eee eee eee St. Paul Island. (Appointed Aug. 18, 1922.) 
John M. Orchard..........|...-- GOs E. 2) ere epee St. George Island. 
HanaiG. My fatt:. <2 cess|ccnc (5.08 RN Rte anc a ty i St. Paul Island. (Resigned July 10, 1922.) 
DoisilProetors . .fIfSeeea tres 1G). 5 ick oS A St. Paul Island. (Appointed Aug. 14, 1922.) 
Michael J. O’Connor...... WAGON: a2 ocean cee aeRO Juneau. 
Mredub Gray oc. sa02 scence ieee 0)... ee ee Wrangell. 
James: Kir Neville: : occcce3,3-05- GO: hones Pcp eeaenank Do. 
Adolph. SOOT os vac 5c eee |aoree s Colo pel eater irae tilieice oes? Eo Nushagak. 
Joseph N. Braun..........|----- Gotoh. SEMEL False Pass. (Resigned Sept. 12, 1922.) 
William E. Baumann.....|..... GO! 4 Sa nel ee oes Afognak. 
Chauncey C. Combs.......|-...- dott See AM Oe Haines. (Resigned Aug. 31, 1922.) 
Charles Petryiitt}.4.5.- Ef |o3. GG ic Spee bee creh sseseet Chignik. 
Lawrence K. Smith.......]....- (6 (0 es eae ed eas ee hid Seldovia. (Resigned Dec. 31, 1921.) 
Arthur H. Mellick.......- Master power vessel Fider...| Unalaska, 
Jesse L. Nevill.-.......... Master patrol vessel Auklet..| Wrangell. 
George G. Naud.......... Master patrol vessel Murre.-.| Juneau. (Resigned Aug. 31, 1922.) 
Arthur McLeans. 7). ..2$-|5-4- GO hoa ade sees eet Juneau. (Appointed Sept. 1, 1922.) 
Earle L. Hunter. .:....2.. Master patrol vessel Widgeon.| Juneau. (Appointed Aug. 1, 1922.) 
CAE. Tibbits ste ee: Master patrol vessel Petrel.. Do. 
Hector McAlister.........- Master patrol boat Scoter....| Nushagak. (Appointed May 1, 1922.) 
Albert K. Brown......... Clerk ere ee Washington, D.C. 
Mary, 8, Baines ct. soo. he! 2 ser (cee Se ee ee Do. 
dna BiShOptrs a. ncece eel een GC Oba seman fine cteetaeeiants Do. 
EL Winine Baker. ..25¢ sc i) S971 dol yses heb. eseeegeee Seattle. (Resigned Apr. 15, 1922.) 
Gladys M. Gamlen........]..... dO cok pendence senenees Seattle. 
Beverly G. Rupp.........|-..-- dot 75. oo. ee Seattle. (Appointed Apr. 17, 1922.) 
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Regular employees at Government hatcheries in Alaska in 1922. 

Location and name. Position. 

Afognak: 
dwin Wentworth...... Superintendent. (Resigned Sept. 21, 1922.) 

EPHOR (TlICAS.< st osccee. Superintendent. (Promoted Aug. 21, 1922, from fish-culturist.) 
Marry J. Hever: -.2- 52. - Foreman. (Transferred Oct. 31, 1922’ to Saratoga, Wyo.) 
Frank L. Snipes......... Foreman. (Transferred Nov. 1, 1922, from fish-culturist, Tupelo, Miss.) 
Alfred Nelson............ Fish-culturist. 
Homer H. Whitford..... Fish-culturist. (Transferred Aug. 1, 1922, from apprentice fish-culturist, 

Puget Sound stations; promoted Oct 16, 1922.) 
Nicolai Boskofsky......- Bnpreutiee fish-culturist. 
IRS y SOOO ese ccc 
Nicolai W. Anderson....} A prentice an -culturist. (Appointed Feb. 1, 1922; appointment expired 

ay 4,1 
Carl A. Kjorsvick........ Pee eos ish. -culturist. (Appointed May 5, 1922; appointment expired 

ug. 8, 192 
Russell Waterbury..-.... Apprentice fish-culturist. (Appointment expired May 4, 1922.) 
Robert E. Forsyth...... Apprentice fish-culturist. (Appointed May 5, 1922.) 
William Rossing Cook. 

McDonald Lake: 
Cie Vem Attias) /._ 932 Superintendent. (Transferred Sept. 21, 1922, to Leadville, Colo.) 
John W. Gardner........ Superintendent. (Promoted Sept. 22, 1922, from foreman, Puget Sound 

stations.) 
Calvin D.. Ryan. .... 2... Foreman. 
George L. Savage........ Fish-culturist. (Dismissed Feb. 28, 1922.) 
Melvin L. Soules........| Fish-culturist. (Promoted Aug. 1, 1922, from apprentice fish-culturist.) 
Arthur P. Swanberg..... Fish-culturist. (Resigned Nov. 14, 1922.) 
Frank W. Ross.........- Apprentice fish-culturist. (Resigned July 19, 1922.) 
Gustavus W. Henscn....| Apprentice fish-culturist. (Appointed Aug. 16, 1922.) 
Herbert D. Rhodes...... Apprentice fish-culturist. (Transferred Aug. rg 1922, from apprentice fish- 

culturist, Cape Vincent, N. Y.) 
Louis Flagstad.......... Apprentice fish-culturist. (Appointed Jan. 1, 1922; resigned Sept. 30, 1922.) 
Joseph M. Lysnes.-......- Apprentice fish-culturist. (Appointed Oct. 1, 1922.) 
Sadic Bass sf 5 4 Cook. (Resigned July 19, 1922.) 
Marie Flagstad.......... Cook. (Appointed Aug. i6, 1922.) 



FISHERY INDUSTRIES. 

As in corresponding reports for previous years, the Territory of 
Alaska is here considered in the three coastal geographic sections 
generally recognized, as follows: Southeast Alaska, embracing all 
that narrow strip of mainland and the numerous adjacent islands 
from Portland Canal northwestward to and including Yakutat Bay; 
central Alaska, the region on the Pacific from Yakutat Bay west- 
ward, including Prince William Sound, Cook Inlet, and the southern 
coast of Alaska Peninsula, to Unimak Pass; and western Alaska, the 
north shore of the Alaska Peninsula, including the Aleutian Islands 
westward from Unimak Pass, Bristol Bay, and the Kuskokwim and 
Yukon Rivers. These divisions are solely for statistical purposes and 
do not coincide with districts made under reservations created during 
the calendar year, which include areas from both the central and 
western statistical divisions. 

Detailed reports and statistical tables dealing with the various 
fishery industries are presented herewith, and there are also given the 
important features of certain subjects that were the objects of special 
investigation or inquiry. 

WATERS CLOSED TO COMMERCIAL FISHING. 

Restrictions and limitations imposed by previous orders of the De- 
partment of Commerce prohibited all commercial fishing in the 
streams and lakes of Alaska and within a zone extending 500 yards off 
the mouths of all streams, with the exception of the Ugashik and Kar- 
luk Rivers, where, owing to peculiar geographic conditions, specified 
districts remained open to fishing. Executive orders previously issued 
remain in effect also with regard to the Afognak Reservation, Aleu- 
tian Islands Reservation, Yes Bay and Stream, and the Annette 
Island Fishery Reserve. Executive orders issued in 1922 established 
two new reservations—the Alaska Peninsula Fisheries Reservation 
and the Southwestern Alaska Fisheries Reservation. 

ALASKA PENINSULA FISHERIES RESERVATION. 

By Executive order of February 17, 1922, the Alaska Peninsula 
Fisheries Reservation was created. It extends eastward from the 
Aleutian Islands Reservation to a line from Foggy Cape, on the 
eastern end of Sutwik Island, to Cape Menshikof, on the northern 
shore of the Alaska Peninsula, and ‘includes the Shumagin Islands 
and the territorial waters adjacent to these lands and also the lands 
of the Aleutian Islands Reservation. The text of the order is as 
follows: 

In addition to the islands of the Aleutian Chain, Alaska, withdrawn and 
made a preserve and breeding ground for native birds, for the propagation of 
reindeer and fur-bearing animals, and for the encouragement and development 
of fisheries, by the Executive order of March 3, 1913 (No. 1733), as modified 

8 



ALASKA FISHERY AND FUR-SEAL INDUSTRIES, 1922. 9 

by the Executive order of August 11, 1916 (No. 2442), a reservation compris- 
ing the islands, peninsulas, and lands adjoining the eastern end of the reser- 
vation established by the said Executive order of March 3, 1913, and extending 
in an easterly and northerly direction from Isanotski Strait to a line extending 
from low-water mark at Foggy Cape on the eastern end of Sutwik Island to 
low-water mark at Cape Menshikof on the northern shore of the Alaska 
Peninsula, including the Shumagin Islands and all other islands, peninsulas, 
or parts thereof within the described area, is hereby set apart as a preserve 
to more effectively insure the protection of the fisheries and for their encour- 
agement and development. ‘This latter reservation is to be known as the 
Alaska Peninsula Fisheries Reservation. 

It is hereby further ordered that all straits, bays, and other waters over 
which the United States has jurisdiction by reason of their relation and 
proximity to the islands, peninsulas, and other lands to which this order, as 
well as the said order of March 3, 1913, applies, be, and the same are hereby, 
reserved and set apart also as a preserve to more effectively insure the pro- 
tection of the fisheries and for their encouragement and development. 

The Secretary of Commerce shall have power to make regulations for the 
proper administration of the said Alaska Peninsula Fisheries Reservation and 
the straits, bays, and other waters reserved by this Executive order. 

The establishment of the reservations under this Executive order shall not 
interfere with the use of the waters, islands, or other lands for lighthouse, 
military, naval, or other public purposes, nor with the use of any of said 
islands or other lands under the laws of the United States for town-site 
purposes, mining purposes, or grazing of animals thereupon, under rules and 
regulations to be established by the Secretary of the Interior. 

Under authority of the above Executive order the department, 
under date of April 18, 1922, issued the following regulations: 

1. For purposes of administration the following six fishing districts are 
ereated : 

(a) Port Heiden district.—Wxtends along the Bering Sea shores of the reser- 
vation from its eastern limit to the one hundred and sixtieth meridian of west 
longitude. 

(b) Port Moller district—Wxtends along the Bering Sea shores of the reser- 
vation from the one hundred and sixtieth meridian of west longitude to the 
north entrance of Isanctski Strait (ctherwise commonly known as False Pass), 
which forms its western boundary. 

(c) Ikatan district—Includes Isanotski Strait south of its northern entrance 
and extends thence along the Pacific shore of the reservation eastward to the 
one hundred and sixty-first meridian of west longitude. 

(d) Shumagm district—Includes the Shuniagin Islands and the muinland 
shores and islands of the Pacific side of the reservation from the one hundred 
and sixty-first to the one hundred and fifty-ninth meridian of west longitude. 

(e) Chigmk district.—Extends from the one hundred and fifty-ninth meridian 
of west longitude along the Pacific shores of the reservation to its eastern 
margin. 

(f) Aleutian Islands district—Waters over which the United States has 
jurisdiction from Isanotski Strait westward throughout the entire Aleutian 
Islands reservation. 

2. No individual or concern shall engage in the business of catching, canning, 
or preparing salmon, except for personal or family use and not for sale or 
barter, within the above-stated districts without first securing a permit from 
the Secretary of Commerce. Applications fer annual permits shall be addressed 
on or before January 15 of each year to the Secretary of Commerce, Washing- 
ton, D. C., and shall give full information on the following points: (@) Name 
and permanent address of person or corporation desiring permit; (b) charac- 

ter of business proposed, whether fishing, canning, salting, or otherwise curing 
fish; (¢) character and extent of plant to be operated and its location; (dad) 
inethod and extent of fishing proposed; (€) exact place or places where fishing 
is to be carried on; (f) number and kind of each class of fishing apparatus to be 
used; (yg) number of cases of salmon to be packed (based upon 48 one-pound 
cans per case) or number of barrels of salnion to be salted or tierces of salmon 
to be mild cured; (4%) when operations are to begin; (i) if application is for 
continuance of operations formerly conducted, the catch and pack of salmon by 
species and the amount of each class of gear operated in the next preceding sea- 
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son must be shown; (j) affidavit as to correctness of facts set forth in the ap- 
plication must be made by competent authority. 

3. Permits will specify the amount of pack and the character and extent of 
fishing operations allowed. 

4. Permits for the season of 1922 will be issued only to such individuals or 
coneerns as are now operating within the reservation. 

5. Permits will be valid only within the district for which issued. 
6. Transportation of fresh salmon for canning, salting, or otherwise pre- 

serving will not be permitted from one fishing district to another or outside 
the reservation. 

7. These regulations do not apply to persons taking salmon with rod, hand 
line, or spear for their personal or family use and not for sale or barter. 

8. These regulations will be subject to such annual revision by the Secre- 
tary of Commerce aS may appear advisable in view of the investigation and 
the experience of the preceding season. 

9. These regulations will be in full force and effect immediately from and 
after date of issue. 

Under date of December 14, 1922, revised regulations for the 
reservation were issued as follows: 

1. For the purposes of administration the following six fishing districts are 
created : 

(a) Port Heiden district.—Extends along the Bering Sea shores of the 
reservation from its eastern limit to the one hundred and sixtieth meridian 
of west longitude. 

(6) Port Moller district—Extends along the Bering Sea shores of the 
reservation from the one hundred and sixtieth meridian of west longitude to 
the north entrance of Isanotski Strait (otherwise commonly known as False 
Pass), which forms its western boundary. 

(c) Ikatan district.—Includes Isanotski Strait south of its northern entrance, 
the waters surrounding Unimak and the Sanak Islands, and the waters to 
the eastward along the Pacific shores of the reservation to the one hundred and 
sixty-first meridian of west longitude. 

(d) Shumagin district—Includes the Shumagin Islands and the mainland 
shores and islands of the Pacific side of the reservation from the one hundred 
and sixty-first to the one hundred and fifty-ninth meridian of west longitude. 

(e) Chignik district.—Extends from the one hundred and fifty-ninth meridian 
of west longitude along the Pacific shores of the reservation to its eastern 
margin. 

(f) Aleutian Islands district—Waters over which the United States has 
jurisdiction from Unimak Pass westward throughout the entire Aleutian 
Islands Reservation. 

2. No individual shall engage in the business of catching, canning, or pre- 
paring salmon, except for personal or family use and not for sale or barter, 
within the above-stated districts without first securing a permit from the 
Seeretary of Commerce. Applications for annual permits shall be made on 
or before January 15, 1923, and on or before December 15 of each year there- 
after, to the Secretary of Commerce, Washington, D. C., and shall give full 
information on the following points: 

(a) Name and permanent address of person or corporation desiring per- 
mit. (0b) Character of business proposed, whether fishing, canning, salting, 
or otherwise curing fish. (¢) Location and capacity of plant (number of lines 
of machinery in cannery and whether for pound or half-pound cans). (d) 
Number and kind of each class of fishing gear desired, and location where 
same is to be operated. (¢) Number of cases of salmon to be packed (based 
upon 48 one-pound cans per case), or number of barrels of salmon to be salted, 
or tierces of salmon to be mild cured. (f/f) If application is for continuance 
of operations formerly conducted, the catch and pack of salmon by species and 
the amount of each class of gear operated in the next preceding season must 
be shown. (g) Affidavit as to correctness of facts set forth in the application 
must be made by competent authority. 

3. Permits shall specify the amount of pack allowed, if that be limited, and 
the character, extent, and locality of fishing operations to be conducted. 

4. Transportation of fresh salmon for canning, salting, or otherwise preserv- 
ing will not be permitted between any two districts or zones within the 
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reservation or between any district or zone within the reservation and any 
outside district. 

5. The pack of each plant shall be made exclusively from the proceeds of 
the fishing gear specifically allotted to it. Transfer of salmon from one plant 
te another will not be permitted; but nothing in these regulations shall prevent 
the purchase of salmon from natives or local inhabitants who have secured 
permits to fish. 

6. Fox farmers may take and prepare salmon for fox feed in all legal ways 
but must secure permits from the Secretary of Commerce. 

7. These regulations shall be subject to such annual revision by the Secretary 
of Commerce aS may appear advisable in view of the investigation and the 
experience of the preceding season. They shall be in full force and effect 
immediately from and after date of issue. 

Ten formal permits for commercial salmon-canning operations by 
established plants within the reservation were granted for the season 
of 1922, as shown in the table below, which gives also the pack of 
canned salmon in the reservation. A permit was also granted to 
George Albert, of Port Heiden, for the salting of not over 700 barrels 
of all species of salmon, and 30 permits were issued to local residents 
by Warden J. N. Braun, the bureau’s representative in the district, for 
fishery operations upon a small scale. Approximately 1,570 barrels 
of salted salmon were prepared under these minor permits. 

Pack of canned salmon in the Alaska Peninsula Fisheries Reservation, Alaska, 
in 1922. 

Per- Hump- 
mit Name of permittee. Location. Cohos. |Chums. iets P| Kings. | Reds. | Total. 
No , acks. 

Cases. | Cases. | Cases. | Cases. | Cases. | Cases. 
isl vr cur arris’ CO". 5. -—. .< HaISG OE ASS = ae ech cec ass 4,095 | 1,678 205 | 58,634 | 64.612 
48 | Joint permit to Pacific Ameri-| Port Moller. ....|)........] 4,004 |........ 1,729 | 44,624 | 50,357 

can Fisheries, Nelson 
Lagoon Packing Co., 
Phoenix ae Co. 
and Fidalgo slan 
Packing Co. 

49 | Everett Packing Co...._.... Herendeen Bay.|.......- 5 (Ve ee 97 | 15,931 | 116,132 
50 | Pacific American Fisheries..| Ikatan.-........|.......- 8,215 | 4,723 458 | 67,043 | 80,439 
3 PR GI FS. King Cove...... 261 | 15,556 | 11,403 74 | 73,028 | 100.322 
52 | Shumagin Packing Co....... Sauaw Harbor. .-|.......- 5,946 | 2,808 63 | 27,183 | 36,000 
53 | Northwestern Fisheries Co. .| Chignik......... 462 | 7,413} 4,431 52 | 37,677 | 50,035 
54 | Columbia River Packers’ |....-. Ge case coc 521 6, 409 5,411 40 | 37,836 50, 217 

Association. 
55 | Alaska Packers Association..|..... dos: 2542-22 632 | 7,117 | 4,701 32 | 37,811 | 50,293 

LT bea ge a EE at le Mt A 1,876 | 58,859 | 35, 155 2,750 399, 767 498, 407 

1 Included in this pack were 520 chum, 312 king, and 194,045 red salmon purchased from a cannery at 
Ugashik River, hence not taken from the waters of the reservation. 

SOUTHWESTERN ALASKA FISHERIES RESERVATION. 

With the rapid depletion of the salmon fisheries in other parts of 
Alaska and the realization that an exodus from the less profitable 
districts would probably soon occur to such districts as still main- 
tained large runs of the valuable red salmon the bureau felt that 
some definite action should be taken at once to secure broad enough 
control of these districts to regulate operations properly and con- 
serve the runs in their present value. Efforts had been made for 
many years to secure the passage of a fishery law that would enable 
effectual preservation of the fisheries of Alaska, but always without 
success because of the opposition of certain divergent interests. As 
a last resort and as a more or less temporary measure pending the 
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passage of adequate laws by Congress the President. under date of 
November 3, 1922, signed an Executive order creating the South- 
western Alaska Fisheries Reservation, including the waters of Bris- 
tol Bay, Cook Inlet, and the Kodiak-Afognak region. The text of 
the order is as follows: 

Whereas it has become apparent that certain valuable fisheries of Alaska 
have been seriously impaired and are in danger of further depletion, and that 
it is necessary to establish authority to meet the exigency which has arisen for 
the protection of these fisheries, and 

Whereas by Executive order issued under date of March 3, 1913, modified by 
an order of August 11, 1916, a reservation known as the Aleutian Islands Res- 
ervation was created, and by an Executive order under date of February 17, 
1922, a reservation known as the Alaska Peninsula Fisheries Reservation was 
created, including therein the lands and the territorial waters of the United 
States contiguous to the lands covered by said Executive order, 
Now, therefore, I, Warren G. Harding, President of the United States of 

America, by virtue of the power in me vested by the laws of the United States, 
do hereby set apart as a preserve to more effectively insure the protection of 
the fisheries and for their encouragement and development, in addition to the 
above reservations, a reserve of lands and waters, which said reservation shall 
be known as the Southwestern Alaska Fisheries Reservation, which shall in- 
clude all territorial waters, and the lands within one-half mile of the shores 
thereof, within the lines defined as follows: 

From the northeasterly point of the Alaska Peninsula Fisheries Reservation 
at Cape Menshikof, Bristol Bay, northwesterly to a point in latitude 58° 32’ 
north, longitude 162° 12’ west, off Cape Newenham; thence to a point in lati- 
tude 59° 15’ north, longitude 162° 0’ west; thence eastward along ‘parallel of 
latitude 59° 15’ north, to longitude 155° west; thence to a point in latitude G1° 
20’ north, longitude 151° 20’ west; thence to a point in latitude 61° 20’ north, 
longitude 150° 10’ west; thence to a point in latitude 61° 35’ north, longitude 
149° 40’ west; thence to a point in latitude 61° 35’ north, longitude 149° 0’ 
west ; thence to a point in latitude 60° 40’ north, longitude 149° 0’ west; thence 
to a point in latitude 60° 40’ north, longitude 151° 0’ west; thence to a point 
in latitude 57° 30’ north, longitude 151° west; thence to a point in latitude 
55° 0’ north, longitude 157° 0’ west; thence to low-water mark at the eastern 
extremity of Foggy Cape on Sutwik Island; thence to point of beginning. 

Fishery operations within the said Southwestern Alaska Fisheries Reserva- 
tion shall be subject to such regulations and restrictions as shall be issued by 
the Secretary of Commerce, in addition to the general fisheries laws and regu- 
lations of the United States as administered by the Secretary of Commerce. 

The reservation hereby established shall not interfere with the use of the 
waters, islands, or other lands embraced therein for any purpose not incon- 
sistent therewith, nor with the operation therein of the laws now or hereafter 
applicable to the public lands in Alaska, nor with the respective jurisdictions of 
the Secretary of Agriculture and the Secretary of the Interior thereover. 
Warning is hereby expressly given to all unauthorized persons not to fish in 

or use any of the waters herein described or mentioned. 

Following the issuance and publication of the order, announcement 
was made that the-Commissioner of Fisheries would hold hearings at 
Seattle on November 21 and at San Francisco on November 28, at 
which all interested persons were invited to be present and discuss 
the conditions and needs of the fishery, in order to establish a basis 
of information for the issuance of the necessary regulations and the 
granting of permits for operations to be carried on in 1923. Dr. 
Charles H. Gilbert, of Stanford University, who conducted extensive 
investigations in southwestern Alaska during the season of 1922, was 
present at and assisted in the conduct of the hearings. Dennis Winn, 
agent, Alaska service, who was in the Bristol Bay region during the 
fishing season, and Ransom L. Wilkins, who was stationed in Cook 
Inlet district, were present at the Seattle hearing. 
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Regulations for the administration of the reservation were issued 
by the Secretary of Commerce on December 16, 1922, as follows: 

1. For purposes of administration the following districts and zones are estab- 

lished : 
(a) Bristol Bay district.—All that portion of the reservation lying within the. 

Bering Sea, the coast line extending from Cape Menshikof to Cape Newenham 
and thence northward to 59° 15’ north latitude. 

Zone 1. Including all the Ugashik fishing grounds which lie northerly and 
westerly from Cape Menshikof and are included between the boundary of the 
reservation and the fifty-eighth parallel of north latitude east of the one hun- 
dred and fifty-ninth meridian. 

Zone 2. All that portion of Bristol Bay north of the fifty-eighth parallel of 
north latitude and east of the one hundred and fifty-ninth meridian, including 

the Egegik, Naknek, Kvichak, and Nushagak fishing areas. 
Zone 3. All waters of the Bering Sea included in the reservation, but not 

included in zones 1 and 2. 
(b) Cook Inlet district—Embracing all that portion of the reservation east 

of Bristol Bay and north of the latitude of Cape Douglas (approximately 58° 
50’), including the Barren Islands, the shores and outlying islands of the Kenai 
Peninsula, and all the shores and waters of Cook Inlet. 

(c) Kodiak-Afognak district—All that portion of the reservation south and 
east of the Alaska Peninsula and south of the latitude of Cape Douglas, includ- 
ing the Kodiak-Afognak group of islands, the Trinity and the Semidi groups, 
Chirikof Island, Shelikof Strait, and all the mainland shores from Cape Douglas 
to the southwestern boundary of the reservation. 

Zone 1. Extends on Kodiak Island from Low Cape to Cape Ugat, and on the 
mainland coast from the latitude of Cape Ugat to the western limit of the reser- 
vation. Includes Red and Karluk Rivers and Uyak Bay. 

Zone 2. Extends from Low Cape on the western coast of Kodiak Island to but 
not including Three Saints Bay, on the southeastern coast, and includes Alitak 
and Olga Bays and Chirikof, Trinity, and Semidi Islands. 

Zone 3. Embraces all that portion of the district not included in zones 1 and 2. 
Includes the western shores of Kodiak and Afognak Islands north of the latitude 
of Cape Ugat and the northern and eastern shores as far south as Three Saints 
Bay. It also includes Shelikof Strait and the mainland shores north of the lati- 
tude of Cape Ugat. 

2. No individual shall engage in the business of catching, canning, or pre- 
paring salmon, except for personal or family use and not for sale or barter, 
within the above-stated districts without first securing a permit from the Secre- 
tary of Commerce. Applications for annual permits shall be made on or before 
January 15, 1923, and on or before December 15 of each year thereafter, to the 
Secretary of Commerce, Washington, D. C., and shall give full information on 
the following points: (a) Name and permanent address of person or corpora- 
tion desiring permit. (6) Character of business proposed, whether fishing, ecan- 
ning, salting, or otherwise curing fish. (c) Location and capacity of plant 
(number of lines of machinery in cannery and whether for pound or half-pound 
eans). (dad) Number and kind of each class of fishing gear desired and location 
where same is to be operated. (e) Number of cases, of salmon to be packed 
(based upon 48 one-pound cans per case) or number of barrels of salmon to be 
salted, or tierces of salmon to be mild cured. (f) If application is for continu- 
ance of operations formerly conducted, the catch and pack of salmon by species 
and the amount of each class of gear operated in the next preceding season 
must be shown. (g) Affidavit as to correctness of facts set forth in the applica- 
tion must be made by competent authority. 

3. Permits shall specify the amount of pack allowed, if that be limited, and 
the character, extent, and locality of fishing operatiors to be conducted. 

4. The use of purse seines in fishing for salmon will not be permitted within 
the reservation. 

5. Fox farmers may take and prepare salmon for fox feed in all legal ways, 
but must secure permits from the Secretary of Commerce. 

6. Transportation of fresh salmon for canning, salting, or otherwise preserving 
will not be permitted between any two districts or zones within the reservation 
or between any district or zone within the reservation and any outside district. 
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7. Throughout the Cook Inlet and the Kodiak-Afognak districts the pack of 
each plant shall be made exclusively from the proceeds of the fishing gear sne- 
cifically allotted to it. Transfer of salmon from one plant to another will not be 
permitted. 

8. Nothing in these regulations shall prevent the purchase of salmon from 
natives, local inhabitants, or other individuals who have secured permits to fish 
within areas properly tributary to the cannery, but fish so purchased shall not 
be in excess of the pack limit which may be allotted. 

9. No fishing for salmon shall be permitted in Chinik Inlet, Kamishak Bay, 
within a line which joins the outer headlands of the inlet and passes outside 
the two small islands which lie near its entrance. Markers shall be placed on 
the headlands to designate the closed areas. 

10. In the Bristol Bay district the following regulations shall be in effect: 
(a) In zone 2 it is permitted that fishing boats discharge their catch wherever 
convenient, but lighters or other collecting boats shall not transport salmon 
from the Nushagak fishing grounds to the canneries along the east shore, nor 
from the Hgegik-Naknek-Kvichak fishing grounds to the Nushagak canneries.’ 
For the purposes of this regulation the fishing grounds off Cape Etolin shall be 
considered as belonging to the Nushagak River. (0) Fishing for salmon for 
commercial purposes shall be conducted solely by the use of drift gill nets, 
except that traps operated in the season of 1922 in the Nushagak region may 
continue to operate during the season of 1923. In 1924 and in subsequent years 
no traps shall be driven or operated in the Bristol Bay district. (c¢) King sal- 
mon nets shall have a mesh not less than 84 inches knit measure, and red-salmon 
nets, after the season of 1923, a mesh not less than 5% inches stretched measure 
between knots. For the season of 1923 only, red-salmon nets will be permitted 
with mesh as small as 54 inches, measured as above. (d) Companies operating 
motor gill-net fishing boats during the season of 1922 may continue their use in 
1923, but the use of motor fishing boats will not be permitted in the Bristol Bay 
district after the season of 1923. (e) Each fishing boat may be provided with 
gill nets not to exceed in length 200 fathoms hung measure. (f) Fishing for 
red salmon shall not begin prior to midnight of June 25 and shall close at or 
before midnight of July 25 of each year; but each cannery may operate one 
commissary net at any time to supply fresh salmon for the mess. Salmon traps 
shall not be operated prior to midnight of June 25. (qg) Fishing for king sal- 
mon with drift gill nets having a mesh not less than 83 inches knit measure is 
permitted prior to June 26, as well as after that date; but the total length of 
gill nets employed by any fishing boat at one time shall not exceed 200 fathoms. 

11. These regulations shall be subject to such annual revision by the Secre- 
tary of Commerce as may appear advisable in view of the investigation and the 

experience of the preceding season. They shall be in full force and effect im- 

mediately from and after date of issue. 

AFOGNAK RESERVATION. 

During the 1922 salmon-fishing season 60 Afognak and Uzinki 
(Spruce Island) natives were granted permits to engage in commer- 
cial fishing in the Afognak Reservation. These natives operated 19 
beach seines, averaging 125 fathoms in length, 5 at Malina, 6 at 
Paramanoff, 4 at Seal Bay, and 4 at Little Afognak, with 15 natives 
working at each locality. 

On May 25 fishing was begun at Malina and on September 6 ended 
at Little Afognak. During this period 173,255 salmon of all species 
were taken within the reservation, of which 84,411 were purchased 

by the Kadiak Fisheries Co. and 88,844 by the Katmai Packing Co. 
At the principal bays closed seasons were imposed, as has been the 

custom for many years, in order to insure against overfishing and 

to provide sufficient escapement to the spawning grounds. Warden 

William E. Baumann, who was in charge of the general enforcement 

of the fisheries laws and the patrol work of the Afognak Reserva- 

tion, established these close periods at the height of the red-salmon 
runs in the various localities. 
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Fishing periods in principal bays of Afognak Reservation in 1922. 

et a Number ; Fishing | Fishing 
Locality 2 Close season. days 

began. ended. elésadi 
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To secure information as to escapement, Mr. Baumann visited the 
headwaters of the various streams and found that an adequate num- 
ber of salmon appeared to have ascended to the spawning grounds 
and that conditions generally compared favorably with previous 
seasons. 

The total catch of all species of salmon taken in the waters of the 
Afognak Reservation in 1922 was 173,255, as compared with 192,694 
in 1921, a decrease of 10 per cent. This decrease is probably due to 
the fact that fishing activities were less intensive during the latter 
part of the season in the Afognak Reservation than during the same 
period in 1921. When the fishing season was well under way at 
Karluk, labor troubles arose among the fishermen, who called a gen- 
eral strike, which necessitated the employment of native fishermen. 
Several Afognak natives were employed at Uyak Bay by the North- 
western Fisheries Co. and several in the Karluk district by the Kat- 
mai Packing Co. 

Commercial catch of salmon in waters of Afognak Reservation in 1922. 

Locality. Coho. Chum. |Humpback.| King. Red. Total. 
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1In Raspberry Strait. 
2 Or Markaway Bay, between Litnik Bay and Danger Bay. 

ALEUTIAN ISLANDS RESERVATION. 

The waters of Aleutian Islands Reservation were embraced in the 
Alaska Peninsula Fisheries Reservation created by Executive order 
of February 17, 1922, and the regulations of April 18, 1922, for that 
reservation were therefore applicable also to fishing in the Aleutian 
Islands. Because of the remoteness of the district and the slowness 
of communication by mail it was deemed desirable to allow opera- 
tions to continue in the season of 1922 under permits granted to local 
residents and other operators westward of Unimak Island. Permits 
for the salmon canneries of the Pacific American Fisheries and 
P. E. Harris & Co., on the eastern end of Unimak Island, are listed 

54940°—23——_2 
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in the table (p. 11) regarding the Alaska Peninsula Fisheries Res- 
ervation. No other permits were granted for the Aleutian Islands 
proper. At the end of the calendar year notice was mailed to all 
holders of permits that such permits were canceled and if it was 
desired to operate in the season of 1923 application for new permits 
should be made under the revised regulations issued December 14, 
1922, for the administration of the Alaska Peninsula Fisheries Reser- 
vation. 
A permit for the grazing of sheep on Amaknak Island was granted 

to O. K. Quean jointly by the Secretaries of Agriculture and Com- 
merce under date of February 13, 1922. 

ANNETTE ISLAND FISHERY RESERVE. 

Fishery operations within the Annette Island Fishery Reserve 
were again conducted in the season of 1922 by the Annette Island 
Packing Co. under its lease from the Department of the Interior. 
Data in regard to operations have been furnished by the Bureau 
of Education, of that department, which administers the affairs of 
the reserve for the benefit of the Metlakatla Indians residing therein. 

In 1922 the total number of fish taken by traps within the reserve 
was 847,800, on which a royalty of 1 cent per fish was paid, amount- 
ing to $8,478. A fee of $100 each for the five traps operated was also 
charged. In addition 318,553 salmon were taken by natives in purse 
seines and gill nets and were purchased by the company for $13,- 
351.26. The natives received $25,425.32 for cannery labor, and other 
payments brought the total amount disbursed to the Indians by the 
Annette Island Packing Co. to $52,186.94, which was $13,794.87 
more than in 1921. In addition the amounts of $500 for trap fees 
and $2,478.54 for case tax on canned salmon are due but withheld 
pending a decision on a suit brought by the Territory of Alaska 
for collection of territorial license taxes for 1922. This suit was de- 
cided in favor of the Federal Government on trial in the United 
States District Court at Juneau, but was taken on appeal by the 
Territory to the Circuit Court of appeals in San Francisco. 

The six-year lease to the Annette Island Packing Co. expired Octo- 
ber 1, 1922. During this period $11,429.72 was paid to the Indians 
of the reserve for trap fees and per case tax paid to council, $50,- 
261.27 for salmon taken in traps, $172,465.11 for cannery labor, and 
$68,526.89 for salmon taken by purse seines and gill nets. Other 
miscellaneous items brought the grand total to $337,556.30, exclusive 
of approximately $7,547.30 and the territorial income tax, payment 
of which is withheld pending decision of the territorial case men- 
tioned above. 

STREAM MARKERS. 

Considerable work was done in marking the mouths of streams in 
the southeast district of Alaska in the season of 1922 because of 
the change in the regulations under date of December 30, 1921, which 
extended the protected zone from 200 yards to 500 yards off the 
mouths of all streams. Larger notices and more substantial posts 
and signs were used. Attention was particularly given to the 
streams heretofore unmarked along the west coast of Baranof 
Island from Sitka to Cape Ommaney and through Peril Strait, 
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Work in the central district consisted principally in the replace- 
ment, at the mouths of the sloughs of the Copper River, of markers 
that had been defaced by weather or carried away by winter storms. 
Markers were also erected by stream guards at Kachemak Bay, 
Kamishak Bay, Chinik Inlet, and other localities on Cook Inlet, and 
at Coghill River, Miners River, Cowpen River, and other places on 
Prince William Sound. Markers were also posted at the various 
streams in Olga Bay on Kodiak Island. 

In western Alaska attention was given to the replacing of mark- 
ers at the salmon streams in Bristol Bay, and for the first time 
markers were established at the mouth of the Kuskokwim River on a 
line extending from Point Popokamute to Beacon Point. Fisher- 
men have urged that fishing should be permitted up that river as far 
as Helmick Point, which is 8 miles above the upper end of Kek 
Island, or at least up to the upper end of Eek Island. The bureau 
has held, however, that it can not change the markers as placed, as a 
number of years ago the United States Coast and Geodetic Survey 
designated these points as the mouth of the Kuskokwim. 

STREAM GUARDS. 

The plan of augmenting the bureau’s patrol force by the employ- 
ment of stream guards for duty during the active fishing season was 
carried out on a still larger scale in 1922 than ever before. In all 
59 persons were thus employed for varying periods in this service, 
of which 30 were stationed in the southeast district, 16 in central 
Alaska, and 13 in Bristol Bay. 

In southeast Alaska guards were stationed in the following locali- 
ties: Chilkoot River, Chilkat River, Excursion Inlet and north shore 
of Icy Strait, Tenakee Inlet, Freshwater Bay and Redoubt Lake, 
Glacier Bay and Cross Sound, Whitewater Bay to Killisnoo, south 
shore of Icy Strait, Port Frederick to Point Adolphus, Redoubt Lake 
and Basket Bay, Redfish and Whale Bays, Pybus Bay to Point Gar- 
diner and Tebenkof Bay, Gut Bay to Cape Ommaney, Wrangell Nar- 
rows, Cholmondeley Sound, Kasaan Bay, Karta Bay, Lake Bay, 
Rocky and Thorne Bays, Kah Sheets Bay and Carroll Inlet, Point 
Barrie and Steamer Bay, Salmon Bay and McHenry Inlet, Red Bay, 
Deweyville and Staney Creek, Hanus Bay, Howard Bay, Auke Cove 
and Pavlof Harbor, Ratz Harbor, Eagle Creek, Mud Bay to Lisian- 
ski Strait, and Anan Creek. The agent in charge of the district 
reported that the presence of the guards was of unquestioned benefit 
to the fisheries in preventing encroachments on the streams and 
closed areas at their mouths, thus permitting a larger escapement 
of salmon than otherwise would have been the case. The nen were 
chosen chiefly for their knowledge of the country and general inter- 
est in the fisheries of Alaska. 

In the central district two of the guards were detailed to duty in 
Cook Inlet, five at various points in Prince William Sound, six on 
the Copper River Delta, and one each at Bering River, Karluk, and 
Alitak. Some transfers were made to other localities as the centers 
of activity changed and operations progressed. 

In the Bristol Bay districts the 13 temporary employees were 
engaged in the destruction of predatory trout in the Naknek, Egegik, 
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Ugashik, and Nushagak waters before the beginning of active 
salmon-fishing operations and later were on guard duty near the 
mouths of these rivers and also at the Igushik River. 

FISHERY PATROL. 

In 1922 the bureau maintained eight vessels in Alaska for patrol 
work in connection with the enforcement of the laws for the protec- 
tion of the seal and salmon fisheries. Of these the Murre, Auklet, 
Petrel, Widgeon, and Puffin were stationed in southeast Alaska; and 
the Merganser, Scoter, and Tern, at Chignik, Bristol Bay, and the 
Yukon River, respectively. The Wdgeon and Scoter were additions 
to the bureau’s fleet this year, and the Merganser was made use of 
actively for the first time. In addition six launches owned by the 
Bristol Bay packers were used both fer the destruction of predatory 
trout and in the bureau’s patrol. During the fishing season 18 small 
boats were chartered in the southeast district, 1 in Cook Inlet, and 
3 in the Prince William Sound region for periods ranging from 10 
to 75 days during the season from May to September. 

During the calendar year it is reported that the Awklet cruised 
6,300 miles, Murre 7,708 miles, Petrel 5,478 miles, Puffin approxi- 
mately 1,500 miles, Widgeon 3,588 miles, and 7’ern 5,015 miles. The 
Auklet and Murre were in continuous commission except during the 
time required to install in each new 40-horsepower engines and to 
effect necessary alterations and repairs. These improvements have 
made both vessels better for the bureau’s service, and they are now 
able to make headway against wind and sea that heretofore would 
have sent them to shelter. The Petrel was redecked and remodeled 
generally and was in commission four months. The Dusenberg 
engine was taken out and replaced by the 25-horsepower Standard 
engine from the Auk/let. The Puffin was used chiefly in the protected 
waters of the west coast of Prince of Wales Island. The Widgeon 
reached Alaska late in August and was in commission the remainder 
of the year. 

In February the Merganser was towed to Seattle by the Awklet, 
where a new 16-horsepower engine was installed and certain repairs 
and alterations were made. The Merganser was loaded on the ship 
St. Paul March 27 for transportation to Chignik, reaching there in 
April. 
The Scoter, a vessel about 60 feet long and of the seaworthy purse- 

seine type, was purchased in April for the Bristol Bay district. It 
was used throughout the season by the agent in charge of the district 
and proved of great value in keeping in touch with the different 
sections and in facilitating action in prosecuting law violators. 

The Z'ern was used as usual between Fairbanks and the mouth of 
the Yukon River and in patrol of the delta. The Swan remained at 
Fairbanks during the year but was not in use. 

The Coast Guard cutter U/nalga was stationed in southeast Alaska 
and rendered cooperative service in connection with fishery matters. 

ALASKA FISHERY INTELLIGENCE SERVICE. 

The triweekly dissemination of telegraphic information regarding 
the price of certain fresh and pickled fish to the important fishery 
centers of southeast and central Alaska was continued by coopera- 
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Fic. 4.—Camp for temporary stream guard, Copper River district. 

Fic. 5.—Patrol boat Widyeon. 
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tion of the Alaska Military Telegraph & Cable System. The pur- 
pose of this service is to make available to the fishermen in the sev- 
eral localities the market quotations on halibut, sablefish, red rock- 
fish, and herring in the important buying centers of Ketchikan and 
Seattle. 

VICLATIONS OF THE FISHERIES LAWS AND REGULATIONS. 

During the season of 1922 there were 17 prosecutions in the Bristol 
Bay district. In each case the offense consisted in fishing at various 
clistances above the Government markers in the Naknek and Ugashik 
Rivers. The fines and costs aggregated $2,137.25. 
On Saturday, June 17, Stream Guard Neil C. Gallagher appre- 

hended Jack Moore, Peter Kanosh, and Moses Smith while trolling 
for salmon in Port Frederick during the weekly close season. Each 
man was using a power boat and fishing with more than one line. 
They were arraigned before the United States commissioner xt 
Hoonah, pleaded guilty, and each paid a fine of 51 and costs. 
On Sunday, June 25, during a patrol off Port Alexander and Cape 

Ommaney, Earle L. Hunter, master of the Petrel, found Charles 
Olsen, P. Peterson, and L. M. Hair, of Ketchikan, and Edward 
Thompson and John Thompson, of Seattle, trolling for salmon with 
power boats, contrary to law and regulations. They were ordered to 
stop fishing and to go to Port Alexander, where notice was served 
on each one informing him that he would be reported to the United 
States attorney for prosecution. In due time this was done, and the 
attorney advised that he would endeavor to have the Unalga, then at 
Juneau, go to Port Alexander so that he could dispose of the cases, 
but the commanding officer demurred on the ground that Chatham 
Strait, in the region of Port Alexander, was unsurveyed and that he 
could not risk his vessel in those waters. Therefore these cases have 
not come to trial. 

On June 24 Warden O’Connor found Richard T. Marshall trolling 
for salmon off Point Gardiner at 6.50 p. m. with four lines from a 
power boat. No action was taken against him as he had but 
recently returned to Alaska from school in Oregon and probably had 
not heard that a notice had been issued earlier in the season warning 
all fishermen that trolling for salmon during the weekly close season, 
except by line held in the hand, was unlawful. 

On July 9 at 1.10 p. m. Warden O’Connor found a trap on Pleas- 
ant Island and one on Porpoise Island in Icy Strait. operated by the 
Thlinket Packing Corporation, with the pot tunnels open. On July 
16 he found a trap at Wilson Cove, owned and operated by the Wil- 
son Fisheries Co., with the tunnel but partly closed and the heart 
walls opened 44 and 23 inches, respectively, at one hour before low 
water. These matters were laid before the United States attorney, 
who deeided that as they were largely technical offenses it was not 
worth while to take them up. 
On August 9 O. Benjaminson, O. Odsera, and O. E. Fasness made 

a set with a purse seine within 500 yards of the mouth of a salmon 
stream 2 miles north of Point Barrie, Kupreanof Island, where 
Lawrence L. Hick was stationed as stream guard. The case was re- 
ported to the commissioner at Wrangell, and warrants were issued 
and served on Benjaminson and Odsera. ‘They were brought to trial 
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at Petersburg before a jury which, after due deliberation, found them 
guilty of a violation of the fishery regulations. They were fined $10 
each and the costs of the prosecution, amounting to about $70. Fas- 
ness had gone to Seattle, so the case against him is still pending. 
On October 16 the grand jury at Juneau indicted Chris Wick, Ole 

Olson, and Magnus ‘Nygard for fishing within 500 yards of the 
mouth of a stream entering Redfish Bay, on the southwest coast 
of Baranof Island. They were arraigned October 19 and entered 
pleas of not guilty. On October 20 pleas were changed to guilty. 
Judgment and sentence were filed and entered October 21. Wick 
was fined $50 and costs and sent to jail for 30 days at Petersburg; 
Olson was fined the costs of the case and sent to jail at Petersburg 
for 30 days; Nygard was sentenced to jail for 20 days at Juneau. 

In a complaint filed before the commissioner at Craig, James 
Peratovich was charged with unlawful fishing within 500 yards of 
the mouth of Klawak Creek, and upon conviction was fined $32.15, 
including costs of the case. At the same time, and before the same 
court, a complaint was entered against Jim Dick, charging him 
with setting a seine entirely across the lagoon of Klawak Creek. 
He was tried, convicted, and fined $17.15, including costs. 
On August 23 a complaint was filed before the commissioner at 

Ketchikan, charging Clyde Cowan with purse-seine fishing in White 
River on August 22. He pleaded guilty and was fined $10 and costs. 
Warden Combs reported that a trap near Craig, operated by the 

Alaska Consolidated Canneries, did not have the tunnel closed and 
the heart walls open on Sunday, July 30, in- compliance with law. 
Owing to the resignation of Mr. Combs on August 31 and his de- 
parture from Alaska, this case was not presented for trial. 
A controversy arose between the Alaska Consolidated Canneries 

and the A. & P. Products Corporation over the location of two 
floating traps along the southern shore of Kanaganut Island, the 
disputed question being the lateral distance interval between the 
traps. The A. & P. Products Corporation claimed that its trap was 
the first one put into position and set for fishing, and that later the 
Alaska Consolidated Canneries set a trap approximately 1,100 feet 
westward therefrom, making it fast to a rock submerged at high 
tide, contrary to the regulations of the War Department. Joint in- 
vestigations were made by representatives of the bureau and of the 
engineers office of the War Department at Juneau, as a result of 
which the permit issued to the Alaska Consolidated Canneries 
was canceled and the removal of the trap was ordered, because the 
company had misrepresented the facts by stating in its application 
for the permit that the trap would be tied to a small island. In 
view of all the circumstances the United States attorney did not: 
think it advisable to accuse either company of a violation of the 
fisheries law. 
On July 12 John Olson was found fishing with a set gill net 

covering more than one-third the width of a slough of the Stikine 
River. Complaint was filed with the commissioner at Wrangell and 
the case was tried by a jury on July 18, resulting in a disagreement. 
Further disposition of the case has not been made. 

The cases against the Kenai Packing Co. for the wanton waste of 
salmon and against the Copper River Packing Co. for wanton waste 
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of salmon and for not opening the heart walls of its trap located in 
Prince of Wales Passage on Sunday, August 15, 1920, on which 
indictments were returned at the Valdez term of the district court 
in October, 1920, were again continued with the consent of the 
bureau’s representative and probably will be brought to trial at the 
February, 1923, term of court at Valdez. 

TERRITORIAL LICENSE TAX. 

Fisheries license taxes were collected by the Territory under the 
revenue laws of Alaska as revised in 1921. A statement from 
the treasurer, under date of May 9, 1923, gives the collections made 
to that date for the fiscal year 1922. It was stated that only a 
comparatively small amount remained uncollected on that date. 
The total for the calendar year is apparently about $134,000 greater 
than in the preceding year. 

Fishery license taxes collected by Territory for fiscal year ended December 31, 
1922. 

Schedule ee eel ter 
Salmon canneries (pack) ................------- $63; 48132 Noo! soe ce owe $152, 385. 45 $215, 866.77 
Salmon canneries (net income)...............-- PAT LUE (ie) See eee 18, 183. 83 20, 981. 59 
GRamcannetivs. es goose oS Se, eee 3s) Ee ees Se eee 436. 86 453. 16 
PRE re eee en eee cee 3, 012. 86 $256. 20 7, 950. 21 11, 219. 27 
Gold-storave'plants:é . Soe. 22223. f95ea26-8 9503 00()sesyen Pasi tS. 375. 00 1, 325. 00 
LOS ESUES ECU CUT a et Se es eR ae see SKOLS Dane ocancceue tens 13. 11 3, 031. 34 
Fish-oil works and fertilizer and fish-meal plants. UB Alovad VListeocken ce be 897. 60 4,310.93 
LOTS] 0 9 7 eS ae et ee DI SO08 OO) aes ccna 31, 300. 00 83, 100. 00 
SoU TeTeSLAKG NOLS? eee ee ee ee Ae. 684. 00 46. 00 6, 654. 50 7, 384. 50 
Se NS BR BS era tee eee eee 25885: 00)hs 2). a. caren | 1, 925. 00 4, 810. 00 

LYTLE Ua es ee 132, 058. 80 302. 20 | 220, 121. 56 352, 482. 56 

It is of interest to compare the Alaska territorial revenue from 
all sources with that derived from the fishery industry. The fol- 
lowing tabulation covering the last four years for which complete 
returns are at present available shows that in this period the fishery 
industry paid an annual average of 48.7 per cent of all territorial 
revenue: 

Comparison of Alaska territorial revenue from all sources with that from 
fishery industry, 1918-1921. 

Year Total territori- | Fishery license | Percentage of 
a al revenue. tax. fishery tax. 

bi ee ay MEL ke ea ed Raa ee ee $475, 450. 55 $265, 082. 48 55.7 
WUUR Si etsaseee sez ed) nee Psst iy. 232.02. ZeaRE ELS 555, 887. 43 301, 301. 59 54. 2 
boc: Seka Ae ea ea Sea iY 571, 943. 34 271, 696. 43 47.4 
Snes oe ee ae et ee Ee ee 563, 474. O1 218, 268. 71 38.7 

WTobebiGth .@ the Asi ties ote. dul) polka 2, 166, 755. 33 | 1, 056, 349. 21 48,7 

WATER-POWER PROJECTS IN ALASKA. 

During 1922 the Federal Power Commission referred to the bureau 
10 applications for permits for development of water-power projects 
in Alaska. The importance of this matter is readily apparent, be- 
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cause of the possibility of hindering or preventing salmon from as- 
cending to their spawning grounds. With respect to the stream cov- 
ered by each application the commission desired information from 
the bureau as to whether it was used by spawning salmon, its eco- 
nomic value to the fishery industry, and whether an effective fishway 
could be constructed over the proposed dam. 

The 10 applications referred to the bureau were for Speel River, 
Cascade Creek, Mill Creek, Aaron Creek, Harding Creek, Grant 
Creek, Tyee Creek, White River, and Anan Creek, in the southeast 
district, and Kenai River in central Alaska. Thorough investigation 
of the streams concerned in southeast Alaska was made during the 
season by Assistant Agent E. M. Ball. and of the Kenai River by 
Assistant Agent Shirley A. Baker. Upon the basis of their reports 
and other information on file in the bureau, the Federal Power Com- 
mission was advised that there was no objection to the development 
of the proposed projects in Speel River, Cascade Creek, Harding 
Creek, Grant Creek, Tyee Creek, and White River, inasmuch as there 
were no commercial runs of salmon in them. No objection was made 
regarding Mill Creek, as the proposed dam would not be too high to 
prevent the installation of a successful fishway. The contemplated 
project in Aaron Creek affected only one fork of that stream, and the 
remaining spawning beds were regarded as ample for the preserva- 
tion of the run. ’ 

In the case of Anan Creek the bureau expressed unqualified opposi- 
tion to any project that contemplated its use for any purpose other 
than the propagation of salmon under natural conditions. As bear- 
ing upon this stream, the following is quoted from a letter of Janu- 
ary 30, 1923, addressed by the Secretary of Commerce to the Federal 
Power Commission: 

Anan Creek has long been known as one of the most important humpback- 
salmon streams in southeastern Alaska. It has been a large and steady pro- 
ducer for more than 20 years—in fact, it has yielded about a million salmon in 
a single season—and it continues to be a salmon producer of the first magnitude. 
It embraces a spawning area of unequaled excellence approximately 4 miles in 
length. Its economic importance to the fishery industry is second to none in 
southeastern Alaska. The erection of a 60-foot dam at the mouth of Anan 
Creek would practically destroy one of the most valuable salmon fisheries of 
southeastern Alaska for two reasons: (@) That a successful fishway of that 
height would be impracticable, and (b) that the spawning grounds would be 
flooded with several feet of water, thus greatly lessening their value. In view 
of these things it is the opinion of this department that Anan Creek should not 
be used for any other purpose than the production of salmon. Unquestionably 
there are numerous streams in southeastern Alaska that are better adapted 
to the development of electric power than Anan Creek and which are inacces- 
sible to salmon by reason of natural insurmountable barriers. 

Opposition was also expressed to the development of the project 
contemplated on Kenai River, which was discussed in the same letter, 
as follows: 

It is understood that this project involves the construction of a storage dam 
6 feet in height at the outlet of Kenai Lake and a diversion dam 120 feet high 
ata point abovt 11 miles below the lake. The department has given very careful 
consideration to this matter, and an extended personal investigation in the 
region has been made by an agent of the Bureau of Fisheries. As a result 
two important outstanding facts are developed: (@) That the main run of 
red salmon spawns in the upper Kenai River waters above the proposed diver- 
sion dam in Kenai River Canyon; (0) that the tributary streams below the 
proposed diversion dam earry almost negligible runs of red salmon. 
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These two important facts have most vital bearing on the subject under 
discussion. The Kenai River is by far the most important salmon stream in 
Cook Inlet, and it is believed that the salmon industry of that region would 
be irreparably ruined if, the run in the Kenai River were to be destroyed, 
which would, I believe, be the practical effect of the proposed power projects. 
If the run on the Kenai River were stopped, it would probably necessitate the 
closing of several large salmon canneries, including those of Libby, McNeill 
& Libby, Northwestern Fisheries Co., Alaska Packers Association, and Fidalgo 
Island Packing Co., and would also limit the operations of various smaller 

canneries and salting stations perhaps to such an extent that they would 
eventually be compelled to close. 

Flowing into Kenai River and Kenai Lake above the proposed dam site in 
the canyon are six remarkably fine salmon streams, all of which carry good 
runs of red salmon. They are as follows: Russian River, Trail Creek, Ptarmi- 
gan Creek, Quartz Creek, Chain Lake Creek, and Snow River. Below the 
proposed project and between Skilak Lake and the mouth of Kenai River there 
are only three worth-while salmon streams, and they contain mixed runs with 
few reds, the latter being the most valuable and sought-after species. These 
streams are Killey River, Funny River, and Moose River. Although Skilak 
Lake has valuable spawning areas on the north shore, it is, nevertheless, of 
minor value, as the tributaries which flow into this lake are not red-salmon 
streams. 

Kenai Lake shows that it has remarkable fitness for supporting fish life and 
is the chief spawning lake of the Kenai River basin, being the lake where 
the greater portion of the young red salmon spend the first year of their lives 
before proceeding to salt water. 

The agent of the Bureau of Fisheries who investigated the matter states 
that a 120-foot dam in the Kenai River would flood a tract averaging 1 mile in 
width and 8 miles in length, and that this flooded area would cover Chain 
Lake Creek and its first head lake. Thus, a very valuable spawning area 
would be lost even if the salmon could get over the dam, which seems to be 
wholly out of the question. 

The report in question shows that there are documents on file in the Cordova 
office of the Forest Service which indicate the intention to utilize Russian 
River waters in connection with the Kenai River project. Russian River is 
the chief red salmon tributary of the Kenai River, flowing into the larger stream 
about 5 miles above the Kenai River Canyon. The construction of a high dam 
on Russian River would be a most serious blow to the salmon industry. 

In the matter of possible hatchery operations above the dam in Kenai River 
Canyon, the following is extracted from the report of the investigating agent: 

“In the letter from the Federal Power Commission, under date of May 22, 
1922, the suggestion has been made to put in a hatchery above the dam. It 
would be absolutely impracticable to put in a hatchery either above the dam 
or below the dam and to corral the red salmon until they are ripe. As it is 
now, the mature salmon come into the lake to ripen. The young red salmon 
must live a year in the lake—scmetimes they stay longer—before going to the 
ocean waters. It is impracticable and impossible to accommodate in a hatchery 
the spawning adults and the young fry of the great Kenai River red-salmon 
run. ‘Therefore the project of the establishment of a hatchery either above 
or below the dam is a forlorn hope and should not be entertained at all.” 

The matter of the proposed power project on the Kenai River, Alaska, was 
rather recently referred to Dr. C. H. Gilbert, of Stanford University, who is 
a noted authority on the salmons of the Pacific coast and Alaska. Dr. Gilbert’s 
reply is as follows: 

“I beg to express my conviction that the proposed dams between the Kenai 
and Skilak Lakes would result in reducing the red-salmon run in the Kenai 
River to such a point that it would cease to have any commercial significance, 
I believe it would be wholly impracticable to construct a fishway over a dam 
of the height proposed, and I regard it as equally impracticable to operate 
successfully a hatchery below the dam. The red salmon on their ascent of the 
river are far too green to spawn. It is their habit to remain in the deep waters 
of the lake for a month or more until their eggs are ripe. To impound them 
for this purpose in the river below the dam would certainly result in the loss 
of a large percentage of the spawning fish. The Kenai River is the most im- 
portant red-salmon stream of Cook Inlet. If the Kenai run is destroyed, the 
Cook Inlet salmon fisheries will go with it. I recommend that the Bureau of 
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Fisheries use its influence in opposition to the construction of the proposed 
dams.” 

This department desires to express the hope that the proposed power project 
on Kenai River will not be undertaken, for if it is there is apparently no way 
of saving the salmon run of the Cook Inlet region. 

The Federal Power Commission advised the applicants in the case 
of Anan Creek and Kenai River that it is doubtful if the commission 
would feel justified in disregarding the desires of the Department 
of Commerce and that it would probably refuse to grant a license 
for the projects under present conditions. 

TAGGING OF SALMON. 

In the attempt to ascertain what streams form the spawning 
grounds of the red salmon that constitute important runs along the 
Alaska Peninsula and the migration routes followed in reaching 
these streams extensive tagging experiments were carried out by Dr. 
C. H. Gilbert and W. H. Rich in the Shumagin Islands, in Morzhovoi 
and Ikatan Bays, and at Port Moller. Consecutively numbered alu- 
minum tags were attached to 4,000 red salmon, which were then 
released and of which nearly 20 per cent were later recaptured. The 
most important result of the experiments was the demonstration that 
a large body of Bering Sea red salmon use as feeding grounds the 
district south of the Alaska Peninsula and on attaining maturity 
return to Bering Sea and distribute themselves to the red-salmon 
streams of the peninsula and Bristol Bay and pass as far north even 
as the Kuskokwim River. This discovery has an important bearing 
on the problem of conserving the vastly important red-salmon runs of 
Bristol Bay. It is planned to continue this work upon a larger scale 
during the season of 1923. 

SALMON FOR FOX FOOD. 

The notable expansion of the fox-farming industry in Alaska 
within the last year or two has correspondingly increased the use of 
salmon for fox food. This has occurred along with the constantly 
growing demand upon the runs of salmon for cannery use and during 
a period when the future of the salmon supply has been viewed with 
grave apprehension. Consequently, in the season of 1922 representa- 
tives of the bureau were instructed to make a careful investigation 
to determine the extent of the use of salmon for fox food, the places 
and methods of procurement, and whether other sources of food less 
esteemed for human consumption than salmon might be available. 

In September a complete canvass of southeast Alaska was made 
under the supervision of Assistant Agent E. M. Ball, which showed 
75 fox farms stocked with approximately 4,500 foxes. At the time 
there was on hand a total of 654,550 pounds of food, about half of 
which consisted of salmon heads obtained from canneries, while the 
remainder was whole fish, chiefly chum salmon. It was estimated 
that to carry these animals through until the following summer 
approximately 642,000 pounds additional would be required, practi- 
cally all salmon if obtainable. This means an average daily ration 
of about three-quarters of a pound of fish for each fox, to which is 
added about one-quarter of a pound of other food, chiefly cereals. 
Other species of fish, such as halibut, sablefish, flounders, and her- 

————— 
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ring, are used to some extent in southeast Alaska, but are not re- 
garded as the best fox food. Fish that can be dried are preferable, 
as the foxes do not relish salted fish. Few of the fox farmers do. 
their own fishing, usually purchasing salmon from packing com- 
panies and operators of independent traps, purse seines, and other 
fishing apparatus. 

In the Prince William Sound, Cook Inlet, and Kodiak-A fognak 
regions of central Alaska a careful sur vey of the situation was made 
under the direction of Assistant Agent Shirley A. Baker. In this 
part of the Territory 87 fox farms were listed, upon 42 of which 
1,649 foxes were reported. The reticence of operators made it prac- 
tically impossible to get an approximation of animals on quite a 
number of farms. It was computed that in the season of 1922 in 
this district 270,770 salmon were taken for fox food, of which 26,600 
were reds, 191,000 humpbacks, 29,200 chums, and 23,970 cohos. 
These fox farmers supplement the supply of salmon with other foods, 
including herring, cod, skates, sharks, hair seals, porcupines, rabbits, 
and cereals. 

Fishing for salmon for use on fox ranches comes strictly under 
the head of commercial operations and is subject to all restrictions 
imposed by the laws and regulations. Fishing on the spawning 
beds and within streams in order to supply fox ranches is as much 
in violation of the regulations as if salmon so caught were for can- 
nery use. There is no more certain method of depleting the runs 
of salmon than to take them from the spawning beds. Some fox 
farmers have seemed concerned lest such full protection of the 
salmon might work an undue hardship by depriving them of enough 
food for their foxes. It is not the intention to burden the fox farm- 
ers or to prevent in any way the legitimate development of their 
business, but at the same time care must be taken to preserve the 
salmon industry by absolute avoidance of commercial fishing within 
the streams. It is believed that reasonable foresight upon the part 
of fox farmers in securing the heads of salmon from canneries and 
in obtaining surplus salmon, particularly of the cheaper grades, 
from outside waters will fully meet all needs along this lne. 

BRISTOL BAY DISTRICT. 

In 1922 a special force consisting of two regular wardens and a 
number of other employees under the direction of Agent Dennis 
Winn was again sent into the Bristol Bay district. As in the pre- 
vious season, efforts were devoted during the spring to the destruc- 
tion of predatory fishes, and after the beginning of active salmon- 
fishing operations a patrol was maintained on Bristol Bay and in 
all tributary rivers. Very satisfactory work was accomplished. 
Two employees were detailed to remain over the winter and make a 
thorough survey of the spawning grounds of the Wood River lake 
sy stem. The report submitted by Mr. Winn follows: 

GENERAL REPORT OF SEASON’S OPERATIONS. 

Operations in the season of 1922 were conducted along the line of previous 
years. The operators necessary to conduct the work of the different sectors 
were engaged in the States and Alaska, preference being given to suitable help 
procurable in Alaska. Owing to the scarcity of such help around Bristol Bay 

it was necessary to send most of the employees from the States. 
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Transportation for nine men was granted on the Alaska Packers Associa- 
tion ship Star of Lapland from Semiahmoo, Wash., to Bristol Bay. The 
Alaska-Portland Packers’ Association ship Berlin, Portland, Oreg., transported 

’ three men, supplies, and equipment, and two launches and quantities of fuel 
oil for the summer’s work at Naknek. The Burgess of the same company trans- 
ported supplies, equipment, and fuel oil, and the Columbia River Packers’ 
Association ship St. Nicholas, Astoria, Oreg., furnished passage for three men 
and transported one launch for Nushagak operations. Various ships of the 
Alaska Packers Association transported needed supplies and equipment to the 
sectors operated at Kvichak, Egegik, and Ugashik, together with necessary fuel 
oil fer the same districts. 

On the return passage was furnished for seven men on the Alaska Packers 
Association ship Star of Zealand and for one man on the /ndiana to San Fran- 
cisco, for three men on the Alaska-Portland Packers’ Association ship Chilli- 
cothe, for two men on the ship Burgess of the same company, and for three 
men on the Columbia River Packers’ Association ship St. Nicholas to Astoria. 

The writer and an assistant proceeded over the regular transportation route 
from Seattle to Anchorage, across Cook Inlet via launch to Iliamna Bay, thence 
over the divide to Iliamna Village by snowshoes, thence after the ice break-up 
to Bristol Bay, in which section the former supervised the work to the end of the 
season, after which the return trip was made over the same route to the States. 

In compliance with the recommendation of the previous season the bureau 
purchased in Bristol Bay a cruising boat of the purse-seine type that had 
been towed up from the States by the Alaska-Portland Packers’ Association 
steamer Akutan. This boat, known before the purchase as the Clatsop, was 
rechristened Scoter by the bureau. It met every expectation, made it possible 
to keep in close touch with the different crews, and minimized the difficulties 
of getting action in prosecuting law violators, which was never successful with 

the facilities of previous years. 
Three small launches of the Columbia River trelling-boat type, nureneeed by 

the packers for the bureau’s operations, were used for trout work and stream 
patrol. As some repairs were necessary to two of the launches it was late 
before they could be placed in commission, but they were all especially useful 

in patrol work. 
Before the arrival of the writer in Bristol Bay Warden A. T. Looff assumed 

charge and placed the different crews in their allotted districts, using the 
Scoter for transportation. Every courtesy was shown by the cannery super- 
intendents in the different sections visited, and sincere appreciation is expressed 
for the unselfish assistance given. 
Warden A. T. Looff, with an assistant, was detailed by the bureau to remain 

in the Wood River district for the winter of 1922-23. His duties were to visit 
the spawning grounds and obtain all information possible regarding the salmon, 

especially that pertinent to their predatory enemies, and to do whatever was 
possible to exterminate the latter. A thorough survey of this lake system is con- 
templated with the hope of obtaining authentic data regarding each tributary 
stream that will be useful in future work. Such a survey could be accom- 
plished only during the late fall after the departure of the cannery ships. 

DESTRUCTION OF PREDATORY FISHES AND BIRDS. 

Naknek.—The Naknek crew of three men, in charge of Gus Severson, sailed 
from Portland on April 21 on the Alaska-Portland Packers’ Association bark 
Berlin. Through misfortune the ship ran on Egegik flats, off Egegik River, 
on May 17. Although no lives were lost and nearly all the supplies and 
equipment were salvaged, the ship was held fast and broke completely during 
the summer storms. The evening of May 18 the crew was landed at the 
Naknek cannery of the Alaska-Portland Packers’ Association. Work of pre- 
paring equipment, painting dories, etc., was accomplished, and as soon as 
sufficient mess supplies were available the crew left for Naknek Lake to begin 
the season’s work. Two loaded dories were towed to the foot of the rapids 
with patrol boat No. 2, in charge of Warden A. T. Looff. A few days were 
spent here fishing the river, using drift nets and gill nets stretched entirely 
across the stream. The results were good but of short duration. When the 
eatch showed a material reduction camp was moved above the rapids to the 
outlet of the lake. The loaded dories were lined through the rapids and the 
Evinrude used for power above that point. Good fishing occurred here. On 
June 7 the first red salmon made its appearance, but salmon were not numer- 
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ous before the 12th. Camp was then moved to Kidawik Creek, where good 
eatches of trout occurred up to July 2, when salmon made their appearance 
in sufficient numbers to compel removal of set nets, and from that time on 
baited traps and set and hand lines were used. 
During the earliest fishing the trout stomachs examined were empty, but 

from late June to the middle of July practically all contained young salmon. 
The stomach of one large lake trout contained 40 fingerling migrating salmon. 
The greater portion of the catch was lake trout (Cristivomer namaycush), all 
extremely large, averaging from 12 to 15 pounds, and one specimen weighing 
22 pounds was captured at the mouth of Kidawik Creek. Several specimens 

weighing 18 pounds were reported. 
A trip was attempted up the Savonoski River to the lakes at its head in an 

endeavor to operate at that point before the advance of the salmon, but water 
was too low, making it impossible to navigate the river. An investigation was 
made July 5 in the upper lakes, going there overland from the north shore of 
Naknek Lake and arriving just below the rapids connecting the two Savonoski 
lakes. No boats were available on the lakes, so that only limited observations 
could be made. No salmon or trout were seen in the upper reaches of either 
lake. However, it was early for salmon in these waters. The water was clear 
and the shores appeared excellent for spawning. A folding boat that could be 
earried on the back overland would be useful here, as at several other points 
that are difficult of access for observations and trout work also. Along the 
north shore of Naknek Lake a few salmon were observed, but owing to the 
deposits of ashes their spawning grounds are limited. It was learned without 
doubt that the islands in this locality are the greatest breeding grounds for 
terns in the district, and good work was accomplished on this trip in the 
destruction of their eggs. Several trips were made during the season to all 
the breeding islands for the purpose of destroying tern eggs. 

The crew returned to Kidawik Creek, as the best work could be accomplished 
there. Many salmon made their appearance in the creek July 11 and the number 
increased daily, a large portion passing over the falls and into Brooks Lake, 
of which Kidawik Creek is a tributary. Cohos made their first appearance in 
the creek July 13, and the main run, which is not large at this point, was 
entering toward the end of July. ; 

The season’s take in this district was 3,436 trout, weighing 41,232 pounds, an 
average of 12 pounds each. Wighty per cent were lake trout, the remainder 
being Dolly Vardens, steelhead trout, and pike, in nearly equal proportions. 
More Dolly Vardens were captured this year than formerly, but the percentage 
was small. Several fish ducks were taken in the nets each night. 

All equipment was overhauled and the boats were painted and stored at the 
cannery of the Alaska-Portland Packers’ Association at Naknek. The crew re- 
turned to the States on the Chillicothe. 

Egegik.—The Egegik party, consisting of H. B. Looff, foreman, and two 
assistants, left Semiahmoo, Wash., April 16, on the Star of Lapland, arrived at 
Bristol Bay May 16, and transferred as soon as possible to Egegik, establishing 
base headquarters at the Alaska Packers Association cannery. Supplies being 
delayed, a sufficient quantity was borrowed from the Libby, McNeill & Libby 
eannery, which, added to stores from the previous year, enabled the crew to 
make an early start upriver. Various difficulties and accidents, such as 
I-vinrude trouble, storms, in which one of the loaded dories capsized, and 
sickness of one of the men, caused some delay. Camp was eventually estab- 
lished at the outlet of the Jake on June 1. Fishing with seines and set nets at 
this point produced fair returns. Great schools of young salmon were noted 
migrating on June 6, and large numbers of terns were in evidence working on 
the young salmon and following the schools downstream. 

All islands in the vicinity were visited and considerable numbers of tern 
eggs destroyed. As soon as it became apparent that possibilities at this point 
were limited camp was moved to the upper end of the lake at Little Becharoff 
on June 12, where good results were obtained throughout the remainder of the 
season. 

The effects of the fishing of last season were noticeable in the reduced num- 
bers of trout seen at Kanatak Creek and surrounding streams, which are the 
principal salmon streams in this district and which produced the greater por- 
tion of our trout catch last year. Winter men and natives at the village here 
a , _ Kanatak Creek was practically clear of trout after our departure 
ast fall, 
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All creeks in the vicinity were visited with good results, the fishing appli- 
ances used being seines, spears, hand and set lines, bait traps, and set nets. 
Seines were used with considerable success along the lake shore near the 
mouths of the different streams. 

The trout averaged much larger than those taken in previous years and 
were fat and bright, with every appearance of being sea-run fish. Specimens 
weighing 8 pounds were common. ‘Those of last year were for the most part 
thin and emaciated. 

The north shore of the main lake was investigated, but conditions were not 
found to be conducive to extensive spawning. Some salmon were noted near 
the mouth of several streams, but in much smaller numbers than in the Little 
Becharoff section. All trout taken were given to the local natives, who dried 
them for food. i 

In Salmon Creek 386 trout, all weighing from 6 to 8 pounds, were taken 
July 3, and red salmon were noted schooling at the creek mouth. The high 
water of July 7 brought the salmon into many of the creeks in such numbers 
as to compel the discontinuance of set-net operations in certain streams. 
Aggressive fishing was conducted in the different streams with movable equip- 
ment until the salmon made their appearance in each, after which hand lines, 
bait traps, and spears were used exclusively. 

A most successful method of capture consisted in baiting the lake shores 
in the vicinity of the streams with trout offal and seining the baited terri- 
tory. For several successive days an average of 200 trout was taken in this 
manner, amounting to nearly half a ton, and on July 26, 1,139 Dolly Vardens 
were caught. Most of this catch were large fish, one specimen weighing 14 
pounds, but several were small, measuring from 4 to 8 inches. The total catch 
for the season aggregated 10,063 fish, all Dolly Vardens, averaging 4 pounds 
each, or 40,252 pounds weight. 

All equipment was overhauled and stored at the Alaska Packers Association 
eannery, Egegik, and the return trip to the States was made on the Alaska 
Packers Association ship Star of Zealand. 

Ugashik.—The Ugashik crew, in charge of William Tanner, were trans- 
ported on the Alaska Packers Association ship Star of Lapland from Semiah- 
moo, Wash., with the Egegik party. Upon arriving in Bristol Bay there was 
some delay in starting operations because of engine trouble on the Scoter, 
but the crew was located as soon as possible and base headquarters were 
established on May 24 at Red Salmon cannery, Ugashik River. A _ start 
upstream was made immediately after arrival. Camp was established at the 
rapids near the foot of the lower lake, where fishing was conducted for several 

days with meager results. 
A barrier with trap was installed across the entire stream to take both 

ascending and descending fish, in the belief that some migration of trout was 
possible either way. The results being unsatisfactory, camp was moved to 
last year’s location on the stream between the two lakes. Here the barrier 
was installed across the stream with trap on one end, where the fish were in 
the habit of passing, and expectations were more than justified, as trout were 
intercepted passing up and down stream. ‘Those passing up were bright, 
having the appearance of sea-run fish, and those caught from the other direc-. 
tion were thin, evidently “ spawnouts.” 

Observations proved that it was late for the early ingress of sea-run trout 
at the first location, as they had passed into the first lake. They were the 
fish taken in the trap while attempting to ascend to the second lake, and 
those captured descending were possibly en route to salt water. At the begin- 
ning of operations very large trout were taken, but toward the end their size 
kept decreasing to very small fish, making the average weight 23 pounds. 

Migrating salmon passed out of the lake in enormous numbers en route to 
the ocean from June 5 to 14, but small schools were noted at times before and 
after those dates. Terns were in attendance in great numbers. 

Catches were light until July 1, when the trout became active, continuing so 
until early August. The trap did excellent service, although the heavy rains of 
early July interfered materially with fishing, as refuse drifted against the wire 
netting, making it impossible at times to hold the netting across the stream at 
the bottom. Fair success was experienced with drift nets in the evenings dur- 
ing darkness. Trips were made also to all tributary streams and fish were 
driven down into fyke or gill nets near the stream mouths, These results were 

satisfactory. 
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The first red salmon reached the camp June 30, but they did not interfere with 
operations before July 13, although they were in the lower lake in enormous 
schools. On their arrival in numbers sufficient to offer interference barrier and 
trap were removed and fishing was conducted exclusively with bait trap and 
set and hand lines. 

At the season’s close the equipment was overhauled and stored at the cannery 
of the Red Salmon Canning Co., Ugashik, and the patrol launch at the Alaska 
Packers Association cannery at the same point. The crew proceeded to the 
States on the Alaska Packers Association ship Star of Zealand, after being 
transferred to that vessel by the Margaret of the Naknek Packing Co. 

The number of fish taken aggregated 8,946 and weighed 22,365 pounds, an 
average of 24 pounds each. About 80 per cent were Dolly Vardens and the re- 
mainder lake and rainbow trouts. Some whitefish and grayling were taken, 
but in negligible numbers. 
Nushagak.—This crew was in charge of Eric Fenno and embarked on the 

Columbia River Packers’ Association ship St. Nicholas, from Astoria, Oreg.. 
April 19, arriving at Nushagak May 18. A small launch, which was transported 
on the St. Nicholas, was used by the crew to make the trip to Snag Point. 

Until supplies were unloaded from the Burgess, the crew busied themselves 
in overhauling equipment and boats. The latter were placed in the water so 
that seams could be properly swollen to stop leakage. When this work was 
completed and supplies were available, the crew started up river with two 
loaded dories in tow by patrol boat No. 38. 
Camp was established June 3 at the head of the first lake, and fishing 

progressed with but meager results to June 12, when catches began to improve. 
The greatest success was experienced with set nets, which were transferred 
from place to place, those on the side of the river toward the lake outlet making 
the best catches. No large schools of trout were noted at any time. Numbers 
were observed passing up stream with the salmon, however, and it was con- 
cluded that they were going up immediately on arrival from salt water. 

About the time it became necessary to break camp trout were arriving in 
greater numbers than at any other period. A run arrived from salt water 
August 1, and several successful hauls were made with the seine. The sizes 
show a decided decrease each year, from an average of 4 pounds in 1920 and 
34 pounds in 1921 to 24 pounds the current year. A few specimens weighing 7 
pounds were taken through the season. In former years this size was common. 

Schools of migrating salmon were seen passing down at intervals but never in 
large numbers. The action of the terns gave positive evidence when a school 
was passing. An intermission in the tern depredations was noticeable from 
June 18 to 23, and no migrations were reported during that period. The last 
migrations reported were on July 27, and all the terns disappeared from 
the lake on July 29. Several trips were made to all islands in the lake for 
the purpose of destroying tern eggs. On trips of observation to the second 
lake, terns were seen working the entire river. 
Incoming salmon made their appearance at the operating point near the 

river’s outlet on July 2, necessitating the removal of nets at that point, after 
which set and hand lines were used here. At other points the nets were fished 
with success to July 9, when the salmon began scattering over the entire terri- 
tory. For a few days during the early part of the run the salmon passed up 
in continuous schools, which soon declined to small numbers of from 20 to 
380 passing at intervals with long periods between. 

Gill-net marked fish, although noticeable all through the run, were not 
seen in large numbers before the middle of July, when the ratio of fish badly 
injured reached about 10 per cent, and a few days later, as the run slackened, 
25 per cent. July 21 most of the salmon noted ascending and endeavoring to 
ascend were injured and sick. Many of these, however, were fish that for 
some time had endeavored to ascend, but without success, and would perish 
in any case before spawning. 
Humpback-salmon spawning was in progress near the outlet of the lower 

lake when the crew departed on August 9, but not in large numbers. 
The total take of trout for the season was 7,410 fish, weighing 18,525 

pounds, an average of 243 pounds each. Ninety-five per cent were Dolly 
Vardens, the remainder being pike with a few rainbow trout. 

Equipment with one small launch was stored at the Alaska-Portland 
Packers’ Association cannery at Snag Point, and the launch Scoter and patrol 
boat No, 3 were placed on the ways of the Alaska Packers Association cannery 
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at the same place. The return trip was made on the Columbia River Packers’ 
Association ship St. Nicholas. 

Tliamna—The writer and an assistant left Seattle April 15 by regular 
passenger vessel for Anchorage and proceeded thence down Cook Inlet by launch 
to Iliamna Bay, and from that point over the divide to Iliamna Village on 
snowshoes, arriving May 2. 

Ice still covered the lake, but was not safe for travel. Many of the streams, 
however, were entirely free of ice. On May 6 a trip was made up Iliamna 
River about 6 miles. The water was clear, and not over a dozen trout were 
noted in the entire stream. At this time the young salmon were emerging 
from the gravel, and small schools were seen at certain points along the 
stream descending slowly to the lake. No trout have gathered in any num- 
bers in this river since 1920. 

A trip was made to Pile Bay on May 8. Five native women were fishing 
through holes in the ice in about 4 feet of water, us‘ng black thread for 
line and preserved fish eggs for bait. One woman caught 21 fish and the 
others from 8 to 16 each, all Dolly Vardens, weighing a pound apiece. It is 
the practice of natives to fish in this manner through the late winter and 
spring, when weather and ice conditions permit, and the women’s catch on 
this date was a fair average of their usual take. 

On the occasion of this visit of the crew the ice on the lake was so dangerous 
that no work could be attempted. Another trip was made up the Iliamna 
River and several nets set at advantageous points to determine whether trout 
were moving. The nets were fished with negligible results for a few days, 
when the ice broke sufficiently to permit passage across the lake. 

On May 18 the crew proceeded down river with a load of equipment and met 
O. B. Millett with his launch at Fish Village, where they were forced to seek 
shelter with the smaller boat. They were taken in tow and arrived at Goose 
Bay in the evening. The bureau’s launch had been on the ways here through 
the winter in care of Mr. Millett and was overhauled, painted, and ready to 
be placed in the water before the crew’s arrival. 

After the launch was sufficiently long in the water to stop leakage equipment 
was taken aboard and the season’s work was begun. Nets were placed across 
the mouth of Goose Bay, and although some miscellaneous species of fish 
were taken, among which were Dolly Vardens, rainbow trout, whitefish, and 
grayling, the catches were very small. Trips were made to the surrounding 
ereeks. At each point, the spawning grounds, where young salmon were 
emerging from the gravel, were visited. Large schools of fry were noted in all 
the tributary creeks and spring ponds, but few had as yet reached the main 
ereek in their descent to the lake. When inspecting this section last fall 
during the spawning period a fair run was noted in the spring ponds, and 
the crew were advised that the run continued very late and that live spawning 
fish were seen January 6. 

Fishbones piled at different points along the shore—the work of bears— 
testified to a good run. The natives’ popular method of hunting bears is to 
have roosts in the tree tops along the shore line, where they lie in wait for 
the bears, the fish being the bait to attract them. Several were killed from 
these roosts last year. 

The entire section was prospected for trout, but very few were caught. It 
became evident that they were not in the streams or in that vicinity, so 
equipment was transferred to Woody Island, at the upper end of Iliamna Lake, 
the object being to locate trout in connection with the salmon spawning 
grounds and the presence of salmon fry. Very little is known of this island, 
but upon investigation it was found to contain several series of connecting 
lakes, with the entrance to each series from the main lake and deep’ enough 

to accommodate patrol boat No. 1. Young salmon were noticed in considerable 
schools feeding along the shores. Nets were set around some of the schools, 
and an excellent catch of trout during the night was the result. 

Most of the catch during the season was made in this district. When fish- 
ing became unprofitable in one series of lakes, camp was changed to another. 
The employees lived aboard the launch, which favilitated their movements. 
The first salmon made their appearance on July 3, and at this time trout were 
becoming scarce, so operations were transferred to the southeastern part of 
the lake in the vicinity of Intricate Bay. This was an excellent place for 
the work, but the salmon appeared in such numbers as to make extensive 
fishing impossible. Enough information was gathered, however, to show the 
necessity of a season’s aggressive operations in that locality. Another year 
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it is the intention to place a crew of residents on patrol boat No. 1, which 
was left on the ways at the head of the lake, and proceed immediately after 
the break-up to Intricate Bay, where operations will be begun. 

Sufficient equipment and mess supplies were stored at Iliamna for work 
next year in this sector. One of the smaller patrol boats is to be dispatched 
with a crew from Naknek to undertake operations at the lake outlet. 

Considerable work was accomplished on the fishway at Kokhonak Falls. 
The grade was made easier, the passage wider, and a new resting pool added 
to the lower end of the passage, which now enables the salmon to get over 
the falls without obstruction. To complete these improvements several tons 
of rock were removed by blasting. 

The total cateh in this sector for the season was 3,697 fish weighing 9,242 
pounds, an average of 23 pounds each. Ninety per cent were Dolly Vardens, 
the remainder being lake and rainbow trouts and pike. 

Upon completion of the work the launch and equipment were overhauled 
and the former was placed on the ways at Goose Bay, the latter stored at the 
home of O. B. Millett. 

Predatory trout taken in 1922. 

Allothers, 

Fish | Average| Total Dolly Lake _|Steelhead, 
Location operated. : : rainbow taken. | weight. | weight. | Vardens.| trout. trout, and 

pike. 

Number. | Pounds. | Pounds. | Per cent. | Per cent. | Per cent. 
Weenies: P2160 se ieee Joie eee eee. 3, 426 12 41,112 10 80 10 
Bibopd a 6 she Spee te gwewann soso aaseee 10, 063 4 , 202 10D) | Saistegaroe's | eis cle nti 
WRPASHIRS cc cae nck aa eickicn ene cemcoceee 8, 946 23 22, 365 80 10 10 
NHS A Pate cee aeons scone nate Gaces 7, 410 23 18, 525 95 See 5 
BURMA Aes We soede ns dhe ocee s ceciseaeisee cae 3, 697 | 4 9, 242 90 5 5 

LAG) EN oe ke a ne eee CB: GaN aa seaeee LS IMADG teen eee noe nicce cles seen 

Recapitulation.—It is felt that the work of destroying predatory fish is show- 
ing results, as reduced numbers are encountered in streams that have been 
aggressively fished. This is very noticeable in Iliamna River and the upper 
portion of Iliamna Lake, also in certain creeks in Little Becharoff Lake, notably 
Kanatak Creek and vicinity. The work in this section proves also that a con- 
tinuous war must be waged against the marauders. 

Practically all the trout captured this year were large, fat, and sea-run. The 
majority taken in previous years had the appearance of being lake fish. Most 
of the fish captured through the entire season’s operations were Dolly Varden 
trout. 

The small trap installed this year at Ugashik as an experiment can be utilized 
with profit at Wood River and possibly other points where sea-run trout may be 
intercepted. It is cheap, efficient, easy to install, and, with slight changes as 
to leads and pots, can be made to fish both incoming and outgoing trout, the 
incoming feature to be removed as the salmon appear and the outgoing portion 
to remain efficiently operating for the migrations that occur through July at 
Ugashik. It is assumed that a like migration occurs at other lakes. The 
bureau is furnishing web for this purpose, and measurements of the width of the 
river at the lake outlet, together with water depths, are at hand. 

Experiments were made with small-caliber shotguns (36 gauge) in making 
War on terns. Excellent execution was possible from the stern of the boat, as 
there are usually several birds following in the wake of each boat. picking up 
small fish that are worked to the water’s edge by action of the propeller. The 
cost of the gun and ammunition is nominal, and the guns can be profitably 
utilized on all boats. 

EXTENT OF SALMON RUNS. 

There were approximately 1,500,000 cases of fish packed in Bristol Bay 
during the current year. of which about 70 per cent was reported for the east 
shore, including Kvichak, Naknek, Egegik, and Ugashik, and 30 per cent for the 
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west shore, including all of Nushagak. It is estimated that about 10 per cent 
of the Nushagak pack consisted of fish transferred from the east shore. 

Along the east shore of Bristol Bay the red salmon made their appearance 
June 26, when small numbers were taken in the vicinity of Egegik. Fishing 
improved gradually to July 1, when the heavy rush set in. Purse seiners oper- 
ating through this period made excellent catches about 25 miles offshore from 
Egegik. The number of fish increased so rapidly that practically all canneries 
in this section were compelled to raise their limit flags simultaneously. In the 
Naknek and Kvichak districts the run held from July 2 to 11, when a falling 
off was noticed and some limit flags were taken down. All flags were removed a 
few days later. After July 18 the run declined rapidly with occasional flashes to 
the 20th, after which fishermen for the most part lost interest. The Ugashik 
run held steadiest and continued strong to July 22. Fair numbers were entering 
to the end of July. 

At Nushagak the main run of red salmon began July 3 and held steady until 
July 17, when it fell off to almost nothing. The run, however, was never heavy, 
and no cannery was driven to its limit, although operating on 80 per cent 
eapacity. A small run of humpback salmon was reported July 26. At Igushik 
red salmon made their appearance July 5, the run reaching its crest the 8th, 
after which it tapered off rapidly, and after July 15 very few fish were noted. 
The run was never large even at its height. 

In checking the salmon run at the outiet of the stream between Alegnagik 
and Nerka Lakes an estimate was made of about 500,000 salmon passing up- 
stream. Some spawning is accomplished in Alegnagik, but it is negligible in 
comparison with the connecting series of lakes above. 

No estimate was possible at the operating points along the east shore and 
none is necessary. The escapement was ample to meet every requirement for 
the perpetuity of the cycle. In many cases the fish were too numerous in the 
spawning beds for any results above normal seeding, especially in certain 
streams tributary to Iliamna Lake. 

PATROL. 

The patrol of the entire district was especially efficient. Six power boats 
and the vessel Scoter were used. Three 30-foot Columbia River type boats, 
each fitted with living accommodations for three men, were on hand from 1921, 
and three 28-foot boats of the Columbia River trolling type, powered with 5 and 
6 horsepower engines, each fitted with living accommodations for two men, 
were available for this year’s operations. These boats were used in connec- 
tion with the predatory trout work and were placed on patrol when the fishing 
season began. It was thus possible to cover the entire field with suitable power 
boats to insure proper law enforcement. One boat with warden and assistant 
was assigned each to Wood, Nushagak, Igushik, Kvichak, Naknek, and Ugashik 
Rivers. Egegik was handled as previously, using an Evinrude motor and dory 
with perfect success. One of the boats was used the entire season for opera- 
tions in Iliamna Lake. 

The Scoter proved a welcome addition, making it possible to keep in touch 
with the different phases of the work at all times and to prosecute those on 
boats taken for violating fishery laws by transporting the commissioner and 
marshal to the points where the violations occurred. 
The situation at Ugashik is bad. The fishermen refuse to remain below. the 

markers unless absolutely compelled to. There are 15 miles of river above the 
markers to the Red Salmon Canning Co.’s cannery, and at times fishing boats 
were anchored at intervals along the entire distance. Although it is certain 
they were fishing and the method employed is known, positive evidence could not 
be procured, as the bureau’s boat could be seen at a distance when it was impos- 
sible to see their nets in the water. A small piece of net is so drawn across the 
channel that it can easily be removed. In making the rounds with the warden 
the writer noted a fisherman 6 to 8 miles above the marker who supposedly had 
a net in the water, but just before his action could be seen he raised his sail. 
One boat after another followed his example until from 8 to 10 boats were 
sailing down the river ahead. The situation can be controlled by two boats, one 
to operate in the vicinity of the ships just above the markers and the other in 
the vicinity of the “ chutes” and above, and this arrangement will be in force 
another year. Every effort was made to enforce the laws with the single patrol 
boat available, and as a result eight boats were apprehended. Fines were im- 

posed in each case. 
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SPAWNING GROUNDS. 

When work was completed in Bristol Bay and arrangements made for the 
return of the different crews to the States the writer proceeded to Tliamna 
Lake to view the spawning grounds in this section before departure for the 
States, in accordance with the custom of the two preceding years. All the 
spawning territory was visited and observations indicated a sufficient escape- 
ment to seed all available grounds. The tributary streams along the south- 
east, east, and north shore of Iliamna Lake contained surplus spawners to 
the extent, in many cases, of being wasteful from an economic standpoint. 
On the trip to and through the Lake Clark section great numbers of salmon, 
either spawning or spent, were noted along the entire Newhalen River, and 
extensive spawning was in progress along the shore of Lake Clark to Tarnalia. 
Fish seemed to be everywhere, and in localities where none were seen the two 
preceding years. 

Visits were made in turn to Tarnalia River, Current Creek, and Big River; 
thence to the head of Little Lake Clark. Return was made along the opposite 
lake shore to Kegik Creek. Tazimina River was visited last. Trips were made 
upstream at each creek and river visited, but the discoloration of the streams 
caused by glacial water and floods precluded all possibility of intelligent 
observation, with the exception of Kegik Lake and Tazimina River. The trip 
was somewhat early for the run in the upper reaches of the lake, but red 
salmon were observed jumping at the entrance to Little Lake Clark. 

From information obtained from reliable residents relative to last year’s 
run in this section it was learned that “ very few fish reached the upper 
portion of Little Lake Clark, and the only fish of consequence were noted in 
Kegik Lake, where fair numbers were seen earlier in the season. Signs of 
a few thousand fish were seen in the sloughs of Current Creek about 10 miles 
upriver, but the brown bears had cleared off every fish from their spawning 
beds,” and it is felt that the results from spawning here were negligible. At 
Tarnalia, where great numbers were noted the present season and are numer- 
ous in all good years, ‘‘ there were no dead fish found along the lake shore, 
where previously many were picked up for garden fertilizer.” On arrival at 
Kegik on August 23 a trip was made to the lake, where several thousand 
red salmon were noted milling along the upper shores near the mouths of 
several small streams. All fish noted were silvery and fresh, as though they 
had just arrived, and no spawning was in progress. The same resident 
observers will report next spring on the extent of this year’s run in Upper 
Lake Clark. 

A survey was made of Tazimina River to the falls, and salmon were found 
in its entire length of about 8 miles. This fall is impassable, has a perpen- 
dicular drop of about 75 feet, and is about 50 feet wide. And on the date visited 
the stream was low, about 2 feet of water passing over. The rush upstream 
Was under way in the river, and some spawning at various points was in prog- 
ress. An unbroken line of fish from 1 to 3 feet wide was passing near the 
river mouth, with seemingly no limit to the numbers. 
The natives had their winter’s supply cured, and it is estimated that about 

60,000 fish, divided between 30 families, was their Lake Clark quota. About 
50,000 fish would be required for the local families around Tliamna Lake. 

On the return to Iliamna on August 28 supplies were taken aboard prepara- 
tory to an inspection around the lake. Each stream of consequence was visited 
and examined upriver several miles. The Upper Tularic was visited late in the 
season, but is not considered of importance as a salmon-spawning stream, al- 
though it had the appearance of being thoroughly suitable for the purpose. It 
was estimated that not over 10,000 fish spawned in its waters. An abundance 
of spawners was noted along the lake shore in every direction, and the lake 
surface was generously dotted with the dead fish after spawning. 

Visits were made to Chekok Creek and tributaries, and many thousand salmon 
were seen on the spawning beds and schooling preparatory to spawning. In 
one spring pond, 350 feet long by 40 feet wide and 6 to 8 inches deep, it was 
estimated that there were about 5,600 fish in course of spawning and fully as 
many more in pools outside in the creek schooling and ready to enter. This 
pool is fed by springs and never freezes. The bottom was pure, coarse, clear 
gravel down as far as dug. The fish were not working as actively as in a 
flowing stream. In the course of digging it was noted that about 25 per cent 
of the eggs among the gravel were dead, due to the activities of the late 
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arrivals. No trout or birds were in evidence. The tenure of life of spawning 
fish seemed to be prolonged in this water, and the dead were not decaying as 
rapidly as those in the creek beds. Other spring ponds not as suitable were 
supplied to capacity with spawners and many far beyond that point. In one 
pond, 150 feet long by 50 feet wide and 18 inches deep, there were estimated 
to be about 2,000 fish either dead or spawning. The bottom was literally covered 
with dead eggs; but few live ones were noted, and they would all eventually be 
picked up by the numerous gulls. Many more fish were schooling in the creek 
outside destined to the spring ponds. 

At Copper River, August 29, it was estimated that there were about three 
times as many fish in the stream as were observed last year, possibly at least 
1,000,000 fish in this river. The entire river bottom was dug over, and from 
the number of dead noticed it was concluded that one run had spawned. 
Another run was then on the beds, and sufficient numbers to cover this spawn- 
ing territory a third time to capacity were yet in large schools, finning and 
milling in every eddy and deep pool. 
Many sloughs in which extensive spawning was accomplished before the 

lowering of the stream were dry or nearly dry, and many that were separated 
from the main stream in which spawning was yet in force would be dry 
eventually. These formed serious losses, as the river was due to drop consid- 
ably and continue extremely low throughout the winter months. Many nests 
in sloughs, entirely separated from the river, were dug up and both live and 
dead eggs found in about equal proportion. 
Large losses of eggs have also occurred from rotational spawning on the 

same grounds, one set of spawners beginning after the first set is through. 
While watching the spawning riffles in the main river white eggs were seen 
at times drifting in a steady flow with the current. These were eggs dug up 
by the latest spawners and were a total loss. It was judged that about one- 
third of the number of spawners in this stream would bring maximum 
efficiency. 

The number of fish at Kokhonak River was slightly larger than last year; 
possibly 2,000 were seen below the falls. The salmon were not active in the 
fishway on August 31 at the date of the inspection. With the improvements 
made to the fishway no trouble is experienced in their ascent over the falls. 

The party followed the river to Kokhonak Lake, a very extensive body of 
water that has the appearance of being ideal for salmon and is connected with 
numerous smaller lakes and ponds of more or less value to salmon. The river 
is about 8 miles long and has four series of falls, each, with the exception of 
the falls near the river mouth, followed by rapids several hundred yards in 
length. No. 1 series of falls at the river mouth is about 20 feet high, over 
which the fishway is blasted, and is the most severe. No. 2 series, about 
5 miles above that point, passes through three openings between high rock 
bluffs and is about 5 feet high. No. 3, a quarter of a mile above, passes 
through two openings between rock bowlders. No trouble is anticipated for the 
fish negotiating these natural obstacles. No. 4 is a serious obstruction for 
salmon. These falls are about 1 mile below the lake. The river passes 
through two entrances between rock ledges, and the fall is about 15 feet. 
There are three shelves over which the water flows, and it is doubtful if 
any salmon are able to pass over. Attention will be centered on this barrier 
another year. 

The conditions at Kokhonak Creek were very similar to those experienced 
in Copper River, with an equal surplus of spawners and a like loss of eggs 
from overseeding. 

The numbers of salmon entering Belinda Creek were about equal to those 
entering in 1921, and very few were taken by the natives at that point for 
home consumption. Early in the season great numbers were seen schooling 
near the creek mouth, but evidently the main body passed up the lake to other 
streams or scattered along the lake shore to deposit their eggs. 
The fact is emphasized that this season was exceptional, and although it is 

felt that the corresponding cycle will bring results fully on a par with this 
year, no absolute reliance can be placed on the return of the next two years. 
Following that period a substantial improvement may be looked for all along 
the line. It is felt that the extermination of the predatory enemies of salmon 
is the most important work that can be accomplished toward salmon conser- 

vation and that the results much more than warrant the expenditures made, 
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WOOD RIVER LAKE SYSTEM. 

Warden A. T. Looff and one assistant remained in the district 
during the winter of 1922-23 to make a survey of the spawning 
grounds of the Wood River lake system. The following report was 
submitted by Mr. Looff as a result of observations before the freeze 
up in the fall. 

GENERAL REPORT OF SEASON’S OPERATIONS. 

During the fall of 1922 an examination was made of the Wood River system 
to determine the extent of its fishery waters. All of the spawning areas were 
inspected and the number of salmon on the beds estimated. All tributaries 
were examined for obstructions to the ascent of salmon. The principal breeding 
grounds of the predatory tern were located, and a study was made of the 
spawning habits of Dolly Varden trout in this district. 

The Wood River watershed consists of the 5 Woed River lakes, namely 
Aleknagik, Nerka, Beverly, Fourth, and Kulik, together with their connecting 
rivers, 5 small tributary lakes, and 55 tributary streams. The whole is drained 

by Wood River into Bristol Bay. 
Leaving Snag Point August 23 the party proceeded up Wood River to Alek- 

nagik Lake, thence to Nerka, Beverly, Fourth, and Kulik Lakes. Patrol boat 
No. 4 was used for the run up Wood River and the work on Aleknagik Lake. 
An 18-foot codfish dory was used on the upper lakes. No difficulty was ex- 
perienced in ascending and descending the connecting rivers. Hach lake was 
circled and the entire shore line examined. All tributary lakes and streams 
were studied, and those frequented by salmon or other fish were explored. 
Work was completed and return made to winter quarters at Snag Point on 
October 9, camp having been established 19 times, and abeut 525 miles, 400 of 
which were rowed in a dory, having been covered. 

Aleknagik Lake.—Aleknagik Lake is about 16 miles in length, has an average 
width of about 34 miles, and lies southeast and northwest. In the lake are 15 
islands, 4 of which are important breeding grounds of gull and tern. Besides 
the connecting river coming down from Lake Nerka, nine tributary streams enter 
the lake, one of which drains a small tributary lake. Vive of the tributaries 
are entered by salmon. 

Creek No. 1 enters the lake on the southeast shore about 3 miles above the 
outlet of the lake. It is 2 miles in length and heads in a small lake one-half 
mile long and one-third mile wide. About 5,000 red salmon spawned in the 
stream and lake. It was examined July 28 and September 25 and 29. Later, 
while working on this stream in connection with Dolly Varden trout operations, 

a number of coho salmon were seen ascending. 
Creek No. 2 enters the lake one-half mile northwest of creek No. 1. It is 

small, 1 mile in length, and heads in the tundra. However, 50 red salmon 
spawned in the stream, and one nest in only 2 inches of water was marked for 
winter examination. 

Creek No. 3 enters the lake on the northeast shore behind the large island 
near the lake outlet. Its length is 1 mile, and it heads in the tundra. A 
native reported that red salmon enter this stream, but no salmon were found 
there. 

Bear Creek enters Bear Bay on the southwest shore about 6 miles above the 
outlet of the lake. It is a fair-sized stream 5 miles in length and heads in the 
mountains to the southwest. The stream was examined on July 28 and Sep- 
tember 27 throughout its entire length for obstructions and Dolly Varden trout. 
Salmon were found 3 miles above the mouth, and it was estimated that 5,000 
red salmon spawned in its waters. 

Creek No. 4 is a branch of Bear Creek. It is one-half mile in length and 
heads in the tundra to the west. Twenty red salmon spawned in this little 
stream. 

Creek No. 5 enters the lake on the southwest shore about hdlfway up the 
lake. It is the largest tributary and should really be classed as a mountain 
river. It is 8 miles in length and rises in the mountains to the south. It was 
examined July 28 and October 5. Salmon spawned 3 miles above the mouth, 
and it was estimated that the stream contained 4,000 red salmon. 

Stormy Creek enters the lake on the southwest shore near the head of the 
lake. It is a mountain stream 2 miles in length and has no salmon. 
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Creek No. 6 enters the head of the lake. It is 4 miles in length and has its 
source in the marshy country to the northwest. Natives stated that salmon 
spawn in this stream, but none was found. 

Of the shore line of Aleknagik Lake proper about 10 miles is suitable for 
spawning. It was estimated that 18,000 red salmon spawned along the lake 
shore in areas the total length of which is 54 miles. 

The river connecting Nerka and Aleknagik Lakes is 44 miles in length and 
flows generally south. It was examined August 25 and September 16. Salmon 
were spawning in the river throughout its entire length, and it was estimated 
that it contained 5,000 red salmon. 

Nerka Lake.—Nerka Lake is the largest of the Wood River lakes. It lies like 
a great horseshoe with the opening toward the east. The shortest route from 
outlet to head is fully 45 miles. In circling this lake the distance traveled is 
estimated at 160 miles, not counting side trips up tributaries. In the lake are 26 
islands, of which three are grass islands and showed evidence of being vast 
breeding grounds of gull and tern. ‘"‘wenty-three tributaries enter the lake, 
four of which have their origin in tributary lakes. Hight tributaries are 
entered by salmon. 

Creek No. 7 enters the lake on the southeast shore about one-half mile above 
the outlet. It is a mountain stream 2 miles in length and contained no salmon. 

Creek No. 8 enters the lake on the southeast shore about 1 mile above the 
outlet. Length 2 miles, source mountain, no salmon. 

Creek No. 9 enters the southeast shore about 5 miles above the lake outlet. 
Length 3 miles, source low hills, no salmon. 

Creek No. 10 enters the lake on the east shore about 15 miles above the 
lake outlet. This stream is 3 miles in length. At its head is a small lake 
1 mile long and one-half mile wide. The lake and stream have good gravel. 
The estimate for both was 5,000 red salmon. Examined August 26 and 
September 15. 

Creek No. 11 enters the lake on the east shore 18 miles below the head of the 
lake. Length 1 mile, source mountain, no salmon. 

Creek No. 12 enters the west arm of the big bay on the east shore of the 
lake, is 1 mile long, and heads on the mountain side. Over 50 red salmon 
were spawning in this little creek. Examined August 28. 

Creek No. 13 enters the east arm of the big bay on the east shore of the 
lake. Length 1 mile, source low hills, no salmon. 

Creek No. 14 enters on the northwest shore 3 miles below the head of the 
‘lake. Length 14 miles, source low hills, no salmon. 

Creek No. 15 enters on the northwest shore 9 miles below the head of the 
lake. Length 38 miles, source mountain, no salmon. This stream has good 
gravel for a distance of one-half mile above the mouth. 

Creek No. 16 enters on the northwest shore 13 miles below the head of the 
lake. Length 3 miles, source mountain valley, no salmon. 

Creek No. 17 enters the bay formed by the long peninsula on the northwest 
shore of the lake. This stream is 34 miles in length and drains a small moun- 
tain valley, is 8 to 10 feet in width, and has an average depth of 2 feet. Fora 
distance of 2 miles above the mouth the bottom is thoroughly suitable for 
spawning. Here over 50 red salmon were counted. The season was well ad- 
vanced. Examined September 11. 

Creek No. 18 enters the same bay one-fourth mile southwest of Creek No. 17. 
The stream is 4 miles in length and drains a mountain valley. Its bottom is 
suitable for spawning for a distance of 1 mile above the mouth. One hundred 
and fifty red salmon were counted here. Examined September 11. 

Creeks Nos. 19 and 20 are short mountain creeks that enter the arm on its 
north shore. They are each one-half mile long and have no salmon. 

Creek No. 21 enters the head of the northwest arm of the lake. This is 
Nerka’s largest tributary. Length 8 miles, average width 20 feet, depth 3 
feet. Origin is in the mountains to the northwest. There is good gravel for 
a distance of 5 miles up this stream. It was estimated that not less than 8,000 
red salmon were spawning in this stream. Examined September 12. 

Creek No. 22 enters near the entrance of the arm on the south side. This 

is Nerka’s third largest tributary. Length 4 miles, origin in the mountain 
valley leading to the west. This stream contains good gravel. Estimate for 
the stream was 1,000 red salmon. Hxamined September 12 and 13. 

Little Togiak River connects Little Togiak Lake with Nerka Lake. The river 
is only 500 yards long, and it was an easy matter to pole a boat up into Little 
Togiak Lake. The lake is 8 miles in length and 13 miles in width. The shore 

—— 
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line is not attractive as a spawning area, the water being shallow and the 
bottom covered largely with rocks. At the head of the lake, however, is a 
small area with good gravel, and here were 2,500 red salmon. In Little Togiak 
River were about 500 spawning red salmon. Examined September 14. 

Creek No. 23 is a small mountain stream entering the head of Little Togiak 
Lake. Its length is 2 miles, and salmon do not ascend. 

Creek No. 24 enters on the soutHwest shore of the lake 1 mile southeast of the 
outlet of Little Togiak River, is one-third mile in Iength, and drains a small 
lake 1 mile long and one-fourth mile wide. The creek is small and the lake 
shallow. Salmon do not enter. 

Creek No. 25 enters on the southwest shore of the lake 14 miles southeast of 
the outlet of Little Togiak River, is 2 miles long, and drains a small lake one- 
half mile in diameter. Stream and lake have good gravel, and salmon were 
spawning in both. Estimated to contain 1,000 red salmon. Examined Sep- 
tember 13. 

Creeks Nos. 26, 27, and 28 enter along the southwest shore of the lake. They 
are short, draining mountain ravines, and are entirely unsuitable for spawning. 

Of the 160 miles of shore line of Lake Nerka proper, 90 miles is suitable for 
spawning. Salmon were spawning in 20 distinct areas with a total length of 
22 miles. The areas are well distributed around the lake, most of them center- 
ing at the mouths of tributary streams. Salmon were most abundant in two 
areas, one on each side of the long peninsula on the northwest shore of the 
lake, but were certainly not crowded. It was estimated that the lake-shore 
spawning areas totaled 31,000 red salmon. 

The river connecting Beverly Lake with Nerka Lake is 2 miles long and flows 
south. This was found to be the most difficult of ascent of the four connecting 
rivers. The water is swift and the channel strewn with large bowlders, which 
makes the river unsuitable for spawning. While ascending the river August 
29 thousands of salmon were seen in the eddies. They seemed weak, and upon 
examination were found to have spawned. While descending the river Sep- 
tember 8 fully 30.000 dead and dying salmon were found along the shores and 
in the eddies. Several hundred of the dead fish were examined. All were 
spawned out. They did not spawn in the river, but must have spawned along 
the shores of Lake Beverly above, and upon becoming weak dropped back into 
the river, where the swift rapids made short work of them. 

Beverly Lake.—Beverly Lake is the second largest of the Wood River lakes, 
with a length of about 20 miles and an average width of 4 miles. From the 
outlet to inlet the direction is west-northwest. In the lake are four islands. 
All are rocky, and gulls and terns do not nest on them. Twelve tributary 
streams enter the lake, of which three are ascended by salmon. A _ brief 
description of the tributaries follows: 

Creeks Nos. 29, 30, 31, 32, and 33 are small streams that enter the lake along 
the north shore. Salmon do not ascend any of them, although Nos. 30 and 31 
have small patches of good gravel. The creeks all head in the low timbered 
country to the north of the lake. 

Creek No. 34 enters the head of the bay on the north shore of the lake about 
7 miles below the mouth of the river coming down from Fourth Lake. Length, 
1 mile; source, tundra; no salmon. 

Creek No. 35 enters on the north shore of the lake about 4 miles below the 
outlet of the river coming down from Fourth Lake. Its length is 14 miles. 
The stream has good gravel bottom and drains a small mountain valley, but 
salmon do not enter. 

Creek No. 36 enters on the north shore of the lake about 2 miles below the 
outlet of the river coming down from Fourth Lake. This stream drains a 
small mountain valley and is 2 miles long. It has good gravel bottom for a 
distance of one-half mile above the mouth, and 500 red salmon were spawning 
here. Examined August 30 and 381. 

Creek No. 37 enters the lake one-half mile south of the outlet of the river 
coming down from Fourth Lake, is 1 mile long, and has its source at the base 
of a large mountain to the west. It has good gravel, but salmon do not ascend. 

Creek No. 38 enters the head of the north arm on the upper end of the lake. 
This is Beverly’s largest tributary with a length of 4 miles and an average 
width of 15 feet. The stream drains a mountain valley. The water in the 
lower 2 miles flows slowly with an average depth of 3 feet. Five thousand red 
salmon spawned here. Examined September 5. 

Creek No. 39 enters the head of the south arm on the upper end of the lake. 
This is a small mountain stream 1 mile long and has no salmon. 
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Creek No. 40 is a small mountain creek, one-half mile long, that enters the 
bay on the south shore of the lake. Twenty red salmon were counted. Ex- 

amined September 7. 
Creek No.,41 is a small stream that enters on the south shore near the out- 

let of the lake. Length 2 miles, source low hills, no salmon. 
Beverly Lake has a total shore line of 45 miles, of which 12 miles is thor- 

oughly suitable for spawning purposes. Salmon were spawning in four dis- 
tinct areas having a total length of 7 miles. Estimates of salmon spawning in 
lake-shore areas total 34,000. If to this be added the 80,000 dead and dying 
salmon seen in the river below, which it is believed spawned in the lake, more 
than twice as Many red salmon spawned in Beverly Lake as in any one of 
the four other lakes. In the lower end of the lake and along most of the north 
shore the water is shallow and the bottom covered with grass and mud, alto- 
gether unsuitable for spawning. Along most of the south shore is good gravel, 
but large sections of it are covered with a brown slime. Hxamined August 29, 

30, and 31, and September 5, 6, 7, and 8. 
The river connecting Fourth Lake with Beverly Lake is 24 miles long and 

averages 200 feet in width. Leaving Fourth Lake the river flows southeast. 
Just before entering Beverly Lake it swings southwest and then back to south- 
east. It was easy to pole a boat up. The entire length offers splendid spawn- 
ing gravel, and salmon were spawning all along. It was estimated that 15,000 
red salmon were spawning in the river. Examined September 1 and 5. 

Fourth Lake.—Fourth Lake is 2 miles long and 1 mile wide. Excepting for 
the deep narrow gorge at the head where the river enters and the gorge at the 
outlet where the river flows out, this tiny lake is entirely surrounded by steep 
and high mountains rising from the very water’s edge. The lake has no other 
tributaries and no islands. Along the shore line of the left limit is no spawn- 
ing area, the water being extremely deep close up to the shore. Along the 
right limit the water is also very deep, but in places there is a narrow shelf 
of gravel where 1,000 red salmon were found spawning. At the upper end of 
the lake the river coming down from Kulik Lake has formed a gravel delta 
one-fourth mile in diameter. This was almost one continuous spawning nest, 
and it was estimated that 10,000 red salmon were spawning here. Contrary 
to findings in the three lower lakes the spawning period was apparently just 
beginning. The salmon were in fine condition. Examined September 1, 4, 
and 5. 

The river connecting Kulik Lake with Fourth Lake is 34 miles long and 
flows south-southeast. There are several rapids in the river and in places the 
stream breaks up into separate channels. The boat was lined up in five hours. 
Parts of the river have good gravel, but the water is mostly too swift for 
spawning. Very few salmon were seen in the river, and such as were seen 
were ascending, judging from their fresh color. Examined September 1 and 5. 

Kulik Lake.—Ikulik Lake is the last of the Wood River lakes, or the first 
as the water flows, and is 18 miles long with an average width of 4 miles. From 
the outlet the lake leads northeast for the first 6 miles, then curves to the 
southeast for 10 miles, narrowing down at the head to a small arm 2 miles 
wide and 2 miles long leading east. In the lake is one large island covered 
with timber and unfit for breeding grounds of gull or tern. Ten tributary 
streams enter the lake, only one of which is ascended by salmon. A _ brief 

description of the tributaries follows: 
Five small creeks enter along the south shore east of the outlet. All of 

them emerge from narrow mountain ravines and are altogether unfit for spawn- 
ing. Another small creek enters the head of the lake coming out of the low 
timbered country to the east. This creek is 2 miles long and has some good 

gravel, but salmon do not enter. 
Creek No. 42 is a large stream that enters on the north shore about 5 miles 

below the head of the lake. It is about 4 miles long and 10 feet wide, with a 
depth of 14 feet. The bottom is good gravel for a distance of 2 miles above 
the mouth. Here were 5,000 red salmon in the height of their spawning period 
on September 2 and 3. 

Oreek No. 43 is a large stream on the north shore about 8 miles below the 

head of the lake. It is 4 miles long and has good gravel for a distance of 2 
miles above the mouth, but salmon do not enter. 

Creek No. 44 is a small creek that enters on the north shore 6 miles north- 

east of the lower end of the lake; length 2 miles; drains small mountain valley ; 

unfit for spawning. 

{ 
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Creek No. 45 enters the west end of the lake, is 3 miles long, and has as its 
origin a small glacier. The bottom is good gravel, but salmon do not ascend. 

Kulik Lake has a total shore line of 40 miles, of which 25 miles is suitable 
for spawning purposes. The east end and the west end of the lake are rocky, 
but along the north and south shores are fine areas of gravel. Salmon were 
spawning sparsely on nearly all suitable territory. Estimates for the lake 
shores total 21,000 red salmon, spawning over areas totaling 20 miles in length. 
Summary.—aAll references herein are to red salmon unless otherwise specified, 

as very few of the other species enter the lakes in this district, and although 
they were found occasionally they have not been included in the estimates. 
During the late summer several thousand humpback salmon spawned in the 
upper part of Wood River and around the outlet of Aleknagik Lake. About 
50 king salmon were spawning here during the same period. An occasional 
chum salmon was found—about 25 in all—along with the red salmon in 
Aleknagik, Nerka, and Leverly Lakes, but none was found in the two upper 
lakes. Several hundred coho salmon were spawning in Aleknagik Lake and its 
tributaries during the latter part of September and as late as October 9. 
Throughout the work on the spawning areas careful check was made to deter- 

mine the ratio of male salmon to female. The rich red color of the male makes 
it easy to distinguish him from the female. That this might work to the male’s 
favor was realized, and tests were limited to conditions where there could be 
no mistake. Asa result of these observations, dealing with thousands of salmon 
on many spawning areas in each of the lakes, it is believed that fully as many 

male red salmon were on the spawning grounds of the Wood River lakes as 
female red salmon. 

The four rivers that connect the Wood River lakes with a total length of 
124 miles, although more or less difficult to ascend with a boat, offer no serious 
obstruction to the ascending salmon, unless they are badly fungused. Through- 
out the investigation wherever opportunity offered, which was often, dead sal- 
mon were examined. The number of dead salmon found that had not spawned 
was almost negligible. Such as were found were mostly fungused. That the 
fungus caused their premature end is certain, as the only places where they 
were found in any numbers was at the outlet of the rivers entering Aleknagik 
and Nerka Lakes. No fungused salmon were found in the three upper lakes. 

The 17 tributaries frequented by salmon, although small, with a total spawn- 
ing area insignificant as compared with the main lake areas, are all clear of 
obstructions and easily ascended by the salmon. All other tributaries that 
were at all suitable for spawning were examined for obstructions. In two 
fairly good streams log jams were removed, but as no salmon were at the 

base the work was of no benefit for this season at least. 
On lake-shore areas the salmon were distributed over such a vast territory 

that the areas appeared almost deserted. Only in a few cases were salmon 
spawning in groups of any size. It was not an uncommon experience to row for 
5 miles along a lake shore with splendid spawning gravel and not see a salmon. 
In two places where this condition prevailed the ruins of native villages were 
seen, both in Lake Beverly. As native villages in this section are always located 
with regard to the fish supply, thousands of salmon must have spawned there 
when the villages were populated—evidently not many years ago. 

In arriving at an estimate of the number of salmon that spawned in the 
Wood River lake system each area was treated as a separate unit. In many cases 
figures represent actual count, particularly in tributary-stream and small lake- 
shore areas. In all cases careful count was kept of dead fish and backbones of 
dead fish scattered along the shores and on the lower lakes, where the spawning 
period was much further advanced than on the upper lakes. Where it was im- 
possible to count the fish the number was ‘estimated. Although the weather 
was exceptionally favorable during the examination it is realized that some 
fish may have been missed. Gulls surely consumed many and dragged the re- 
mains of others out of sight. The following facts seem certain: (1) Not less 
than 213,600 red salmon spawned in the Wood River lakes and their tributaries ; 
and (2) whether 50,000 more than 215,600, or twice 213,600 spawned, there was 
room for 10 times the number that actually spawned. 

PREDATORY FISH AND BIRDS. 

Several agencies detrimental to salmon production in the district are of 
more or less importance. These are depredations by fish and birds on the 
salmon spawn and young, fishing for salmon on the spawning grounds by na- 
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tives, and possibly the action of ice on the spawn. The predatory fish of this 
district are lake trout, pike, and Dolly Varden trout, the last being by far the 
most abundant and therefore the worst. 

Lake trout were found in small numbers with the salmon on the spawning 
beds in Fourth Lake and in the river connecting Fourth Lake with Beverly 
Lake, also around the outlet of Little Togiak River. The depredations of these 
trout on young salmon in several of the salmon streams of Bristol Bay are 
well known. Examination of the stomachs of several caught proved that they 
are also egg eaters of no mean ability. However, their number is very small 
here. 

Pike are not plentiful, but a few we.2 found in each of the lakes. They do 
not feed upon spawn, their food consisting of live fish. It is certain that they 
consume a large number of young salmon. 

Of the depredations of Dolly Varden trout on both the salmon spawn and 
young the bureau has ample evidence. An effor was made to determine some- 
thing as to their number, their activities in connection with the ascent and 
spawning of the salmon, where they congregate, and their spawning habits. 
While inspecting the spawning areas in the various lakes and their tribu- 
taries, a trout gill net was used in places where it could be done without injury 
to the salmon. Being egg eaters most of the trout would be found on the 
salmon spawning grounds during the spawning period. As all of the salmon 
spawning areas were examined, it is believed that a large part of the Dolly 
Varden trout of this district were seen. During the latter part of September 
and the first part of October, when the red-salmon spawning period was over, 
attention was given almost entirely to work on trout. During this time six 
trout gill nets, one fyke net, and one seine were operated. Young Dolly Varden 
trout between 4 and 6 inches in length were found during early October com- 
ing out of the small tributary lake that enters on the southwest shore of Alek- 
nagik Lake. A fyke net was set in the stream below so as to catch all of them, 
but was only partly successful on account of drifting leaves, with which the 
streams are choked during this season of the year. 

A fence of spruce trees constructed above the net was not effective, due to 

the great quantities of leaves. About 200 young trout were caught. During 
the red-salmon spawning period and after, thousands of Dolly Varden trout 
were found in the upper part of Wood River and in Aleknagik Lake. Ascend- 
ing the system from Aleknagik Lake they were less and less numerous, until 
in Kulik Lake they were so searce that only three or four were seen in the 
entire lake. Two places were found in the upper lakes that might be profitably 
fished—namely, at the outlet of Nerka Lake and at the outlet of Little Togiak 
River—where there were trout by hundreds but not by thousands as in the 
lower lake. Altogether 1,018 trout were caught and destroyed, all of which 
were examined. The following conclusions were noted in regard to trout: 

There are more Dolly Varden trout in the upper part of Wood River and in 
Aleknagik Lake than in all the other lakes combined. During the salmon- 
spawning period the trout congregate on the salmon-spawning beds and feed 
on the spawn. After the salmon-spawning period is over the trout gather 
around the outlets of tributary streams where they feed on the bodies of spent 
salmon. Until October 9 about 5 per cent of the trout were ripe and spawning 
around the outlets of tributary streams, none of them having ascended the 
streams. All tributaries of Aleknagik Lake were examined in October, and it 
is certain that no trout had ascended any of them prior to October 9. The 
condition of the others would indicate their spawning period as ranging 
from probably November to some time in the spring, with the bulk of them to 
spawn during the winter months. From the presence of young trout in the 
tributary lakes it would seem that. at least part of the trout ascend tributaries 
to spawn. An attempt will be made during the winter to determine whether 
trout ascend the tributaries later. 

In this district there are many gulls and terns. Although all terns had left 
before the 1st of September great flocks of gulls remained around the spawn- 
ing areas throughout the spawning period and after, until the ‘“ freeze up.” 
That the gulls were feeding on spawn, where the salmon were spawning in 
shallow water, during the early part of the spawning period was plain. As 
the season advanced, however, it was noticed that they were feeding for the 
most part on the bodies of spent salmon. Of the menace of terns to young 
salmon nothing need be said in this report. Their favorite nesting grounds, 
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if not their only ones, are grass-covered islands. All of ~e 52 islands in the 
Wood River lakes were examined for breeding grounds of gulls and terns. 
Besides four islands in Aleknagik Lake already known, three islands in Nerka 
Lake showed evidence of having vast breeding grounds of both these predatory 
birds, and it is believed that a large part of the great flocks of terns that fre- 
quent this district during the spring and summer nest on these three islands, 
which are close together, and could be kept clear of eggs by two men during the 
nesting period. 

FISHING ON SPAWNING GROUNDS. 

Five native families fished for salmon on the spawning beds of Aleknagik 
Lake during the spawning period. There was no fishing on any of the other 
lakes. About 3,000 salmon were caught and dried, of which some were spent 
red salmon and some cohos. Three native families continued fishing in the 
lake after the red-salmon spawning period was past and until the first part 
of October, the last family leaving the lake on October 7. They operated a 
total of nine nets most of the time, which it was estimated caught over 1,000 
Dolly Varden trout besides other fresh-water fish, all for food for themselves 
and their dogs. 

ACTION OF ICE ON SALMON EGGS. 

To determine the action of the winter ice on salmon eggs, several nests in 
shallow water near the lake shores were marked with poles for winter ex- 
amination. During the fall water gages were placed in several of the lakes 
to register the rise or fall of the water. From August 23 to September 5, 
when it reached its lowest level, the water of the lakes fell 2 inches. From 
that date on the water rose steadily, until by October 21 it had reached a level 
18 inches higher than on September 5. The shallowest spawning nest found 
on lake-shore areas was covered with 12 inches of water on August 26. As the 
height of the spawning period was during the lowest stages of the water, few 
of the spawning beds were covered with less than 23 feet of water when the 
“freeze up” came on November 4. It is reported that the past fall has not 
been wet. The condition of eggs in tributary streams is not certain. The 
streams, being for the most part small and very short, reach a flood stage on 
rainy days, but fall again to a low level in a few hours. Several nests in 2 
inches of water were marked and will be examined during the coming winter. 

CONCLUSION. 

In conclusion it may be stated that throughout the examination of the 
district natural conditions were found to be almost ideal for salmon produc- 
tion. All of the grent spawning areas are easily accessible to the salmon. 
Although thousands of trout and terns still remain to menace the young, much 
benefit has resulted from the past three seasons of work toward their ex- 
termination. In the season just passed (1922) the spawning areas were almost 
destitute of breeding saimon. With continued work on predatory fish and birds, 
and an ample escapement of brood salmon, it would seem that the Wood River 
lake system should produce many times the number of red salmon it has in the 
past. 

LAKE ALEKNAGIK INVESTIGATIONS. 

In connection with recent studies of the Wood River region, it is 
believed that it will be of interest and value to publish a report of 
examinations of Lake Aleknagik and its tributaries that were made 
in 1908 and 1909 by Millard C. Marsh, then chief agent in the 
bureau’s Alaska service. In 1908 Mr. Marsh was accompanied by 
Claudius Wallich, field superintendent, specially detailed for the 
trip, and the period from May 31 to August 9 of that year was spent 
on the lake. The following year, accompanied by J. A. Legge, of 
the Afognak hatchery, Mr. Marsh was on Lake Aleknagik from June 
7 until August 8. The report on these explorations, which has 
recently been revised by Mr. Marsh, is as follows: 
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NOTES ON EXPLORATIONS OF LAKE ALEKNAGIK, ALASKA, ITS TRIBUTARIES, AND THE 

SALMON SPAWNING GROUNDS, IN 1908 AND 1909. 

In 1908 the Bureau of Tisheries, jointly with two of the salmon-packing 
companies, began the series of annual counts of red salmon escaping up Wood 
River into Lake Aleknagik, in the Bristol Bay region of Alaska.* Incidental 
to this project the lake shores and the tributary streams were examined in some 
detail in relation to the spawning migration of the salmon and possible future 
salmon-hatching operations in the region. Many of the observations concern 
the physical conditions only, and the rather desultory notes are chiefly of local 
value, to be interpreted on the ground covered. The lake is the first of a 
chain comprising a spawning basin of great extent and carrying a large quota 
of spawning salmon, and itself receives, besides its main inlet, nearly 40 large 
and small creeks, most of which are typical spawning grounds, some of them 
suitable for hatchery sites. It is the nearest large field to the Nushagak 
region for the study of the spawning grounds and the spawning fish upon them. 
Since it is accessible to small craft from tidewater, it is the more available as 
a resource for hatchery operations. For prospectors in either field these notes 
are likely to be of some assistance. Claudius Wallich, at that time field 
superintendent, participated in 1908 in some of the trips up the lake and ren- 
dered valuable assistance. 

The foot of Lake Aleknagik consists of a nearly circular body of water about 
2 mile in diameter. This is referred to throughout the text as the “ lagoon.” 
On its north shore is a native village. Its junction with the main body of the 
lake is marked by two distinct gravel spits making out from shore on either 
side. The distance between their tips was rather more than 200 yards, and it 
was here that the tally rack, through which the fish were made to pass for 
counting, was stretched in 1908 and 1909. ‘This place was the base for the 
expeditions up the lake and the point of departure for the enumeration of the 
streams and all the observations. 

There is, of course, great variation from year to year in the correlation of the 
calendar with the water temperature, the lake level, the disappearance of ice, 
the seasonal run-off, etc. Besides the observations recorded for particular 
creeks the following few notes and readings were made for the lake itself: 
Temperature at surface—June 7, 1909, 1 mile above lagoon, 9.50 a. m., 38° F. 
(head of Nushagak Bay, 44.5° F.); June 16, 1909, head of lagoon, 39.5° F. 
Lake level, 1909—highest seasonal level at lagoon June 19, when it was 20 
inches above the level of June 7. The fall, beginning June 21, was about 41 
inches during the next 49 days, when observations ceased. The tidal influence 
affected the lagoon level (June 7) not more than 1 to 38 inches. The current 
at the site of the rack at this date was 1.6 miles per hour. Several soundings 
were made in the lake, the deepest of which was 57 fathoms. 

The earliest record is of May 31, 1908. Ice was encountered about 1 mile 
above the lagoon. As far as could be seen it covered the whole of the rest 
of the lake as a continuous sheet only a few inches thick and much honey- 
combed. It would bear no one’s weight and was easily broken up, but only a 
large vessel could have made way through it. Many wet places could be seen 
indicating cracks through which water welled up on the ice. On June 12 of 
the same year the lake was open to the main inlet and carried a small amount of 
drift ice. From the inlet to the head of the lake the thin sheet of honeycomb 

ice still persisted. 
Only a few tributaries to the lake can be recognized from craft traversing 

the lake without following closely the shore. Thus, the map of the lake ap- 
pearing on page 200 in Bulletin of the United States Fish Commission for 

1901? showed but 9 of the 36 streams here recorded as flowing into the lake, 
the majority of which carry at least some salmon and constitute spawning 
grounds. There are many tributaries unsuspected until the observer approaches 
within a few yards of their mouths. Probably there remain a few still 

unnoticed. 
As most of the creeks are not named and as any value of the observations 

depends on identifying them they have been numbered. A few have been 
named. The exact dates are usually given as of use in comparing the two 
ne 

2 Excepting the interruption of one season (1914), these yearly tallies were continued 

for 11 consecutive years. ; 

3 Alaska Salmon Investigations in 1990 and 1901, by Jefferson F. Moser. Bulletin, 
U. S. Fish Commission, Vol. XXI, for 1901 (1902), pp. 173-398. Washington, 

SS 
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years and in correlating the spawning advance with the season. The consecu- 
tive series begins with the Village Creek at the Indian village. It proceeds 
thence westward along the north shore and continues completely around the 
lake. 

Creek 1. Village Creek.—August 4, 1908. At the extreme foot of the lake, 
emptying at the native village. Examined for about 1 mile of meander 
without seeing a single salmon. About one-half mile from the village the 

creek has a considerable hill on the right bank, while the other side is low. 

About 100 yards above the hill the stream becomes wider (7 feet) and shal- 
lower. It has a good coarse gravel bottom, with larger stones and rocks arfd 
much moss. Many deadfalls and overhanging branches obstruct passage along 
the creek bed. Farther up are two low hills one on each side, where the creek 

could be dammed, though the valley between is 75 feet or more wide. This flat 

LAKE ALEKNAGIK ano WOOD RIVER 
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Fic. 6.—Lake Aleknagik and Wood River, Alaska. 

is boggy and has a high, thick growth of grass. In and about this bog 
four-fifths of the volume of water originates. Several distinct channels rising in 

this soft mossy ground make into the main creek, which was followed up until 

it became scarcely a foot wide and was almost hidden by overhanging grass 
and vegetation. Here it ran between rather high banks. From the spring 
flats above mentioned the village was reached in a half hour of steady traveling. 

The water of this creek is clear and cold, the bottom is favorable, its size 
is sufficient, and the gradient is easy, yet salmon do not enter it. There is a 
bar opposite its mouth and the water is shallow, but fish would have little 
trouble getting over it. The influence of the current of the creek is little 
felt where the salmon are passing up the lake, and they may not readily find 
it. Nevertheless, it is difficult to understand why it is entirely avoided. At 
this date, August 4, the salmon had been for some time entering the small 
streams. Its condition in winter is a question. A man who had wintered on 
the lake said it does not freeze and that the natives get water from it in the 
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winter. Probably at least a trickle of water remains, but it should not be 
regarded as a hatchery creek for several reasons. 

Hundreds of redfish fry of the most recent hatch were seen opposite the 
village August 4. As they did not come from the village creek they may repre- 
sent some lake spawning in the lagoon or possibly they had migrated from some 
distance. 

Creek 2.—August 7, 1908. Around the first point from the lagoon, on the 
north shore. Small creek of brown water, too small for any use. Its course 
lies through a considerable low growth of willows. The bay off its mouth is at 
this date too shallow for the draft of a small launch. 

Creek 38.—August 7, 1908. Opposite inner end of a small island. A small, un- 
important creek of brown water. Temperature of the strait separating the 
island from mainland at this point, at 9.15 a. m., 52° F. 

Creek 4.—August 7, 1908. A little west of No. 2. Temperature 45° F. About 
1,000 spawning salmon were seen in less than a half mile of: the meander. 
Many eggs were seen, and on a shallow riffle 22 fish were counted drifting by 
downstream during 10 minutes. The water was of a brownish color and con- 
siderably roiled, probably by salmon above. The gradient is very gradual, 
and there is no place for a dam, nor is it a good hatchery stream. Fifty salmon 
were seen crowded into one small hole, and many were schooling at the mouth. 

Creek 5, North Shore Creek.—Opposite a point a little east of the tip of the 
high peninsula of the south shore. August 7, 1908, 12.30 p. m., temperature 
52° F. It is 6 to 16 feet wide, with plenty of water, and carried some sediment, 
probably not produced by the salmon on the beds above. Near the mouth the 
stakes of a native barricade were seen. There were not many salmon off the 
mouth, and only 200 to 300 were seen in from 200 to 300 yards of stream. The 
bottom is of good gravel. A few redfish fry, the young of the season, and 
many small sculpins were seen. The banks are flat, and there is no place to 
dam. The creek comes from a valley between high mountains and may be many 
miles long, with possibly many salmon above. The estuary is broad and very 
shallow, and there is much uneven boggy ground around its mouth. The creek 
has seen very much higher water than the present stage. It is not a hatchery 
creek. Apparently there are fewer salmon in it than in much smaller creeks 
even 10 days earlier. 

Creek 6, Spring Creek.—August 7, 1908. On the north shore about opposite 
the high peninsula of the south shore. The approaches were rather shallow, but 
a launch could get within 50 yards. The stream is about 1 mile long, with its 
source in a beautiful spring emerging from elevated mossy rocks, making imme- 
diately a gravelly pool about 60 feet in diameter. The temperature of the 
spring was 38° F. and of the outlet to the pool 45° F. The upper reaches to 
the creek are 20 feet or more wide and are very shallow, with blackish stones 
and gravel. Near the pool the gravel had a white tinge. The creek receives 
some small spring tributaries, including one spring pool large enough for sal- 
mon; but the large spring mentioned is the main source, and the volume of 
water is well maintained to this source. The rise is rapid enough for a gravity 
storage of water, but there is no very good place for a dam. It runs close to a 
hill at one point, but the banks are mostly low. 

On August 7, 1908, there were many finely colored salmon in and off the 
very shallow mouth. All the salmon in the stream itself and in the two pools 
were counted: 

Mota ;dead 2.2 = se ea ee ee ee ee ee 1, 610 
Total. alive= =. oS te Ee ed Se ES 2 ee 2, 800 

Total enteréd creek to’ August = Sana =e 4, 410 

Shortly below the head spring a considerable reach of the stream had dead 
fish only. 

The whole stream being accessible a complete census of spawners is possible. 
Two visits to this stream in 1909 enabled some comparisons. On August 1 of 
that year only 370 salmon had entered, of which 65 per cent were dead. The 
spring pool contained 46, all alive. An excess of males appeared, and nearly all 
fish were highly colored. ‘The gulls had eaten the eyes and most of the flesh of 
the dead salmon. One week later (August 8) the total tally of salmon was 555, 
of which 71 per cent were dead. This is but 124 per cent of the total that had 
entered the stream during the 1908 season up to August 7. In comparing these 
figures the great escapement for 1908, as shown at the tally rack, should be 
recalled. 

SG ay 
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Creeks 7 and 8—On the north shore about 1 mile west of Creek 6. These are 
streams of size, the easternmost the larger, with their mouths only 200 yards 
apart. The two are of the same general character, with fine bottom for 
spawning beds and moderately rapid rise but no good places to dam nor good 
hatchery sites near the lake. They are probably long streams, with perhaps 
a common source farther inland. Heavy underbrush occurs all along the lake 
and the creeks in this region. Spawning salmon are apparently as abundant 
in proportion to size as in Creek 6, which is somewhat smaller. 

Creeks 9 and 10.—These small creeks are a few hundred yards west of the 
preceding and one must steer close inshore to discover their existence. They 
are near the base of one of the several long, narrow crooked peninsulas that 
make out from the north shore and then bend and run parallel with the 
shore, inclosing long, narrow bays. The region about Creeks 9 and 10 is ina 
considerable bight. A few hundred salmon were seen in the larger of the two. 

Creeks 11 and 12.—Creek 11 is a very small one on the neck of the peninsula 
referred to above and discharges into the bight. There may be another little 
ereek on this neck nearer its base. In the bight is a secondary peninsula of 
the same shape as and lying similarly to the first, inclosing a secondary bight 
navigable for a small launch. Creek 12 discharges into this on the neck of the 
little peninsula. No live salmon were seen, but there were several dead stranded 
at its mouth. The neck of the larger peninsula is but a very few hundred 
yards wide. The lake could be seen across it from a boat at anchor in the 
head of the bight. 

Creek 13.—A small stream about one-third of a mile west of Creek 12. It 
was not examined. A few salmon were seen near its mouth. 

Creek 14.—August 8, 1908. This is at the head of a bight made by another 
small peninsula like those described above. ‘7t is small, with a mouth so shal- 
low that salmon enter with difficulty. Fifty to one hundred had already en- 
tered and about a dozen were dead at the mouth, but no dead were seen in 
the creek. Only two or three live salmon were seen off the mouth. The stream 
has good bottom. It bifurcates a short distance up and can not be very large. 
West of Creek 14 is another peninsula of irregular shape somewhat like a T. 

It has several small bays, which deliver no creeks. Several considerable 
schools of salmon turning red were seen hereabouts. From this peninsula 
westward for several miles there is fine gravel along the lake shore, but no 
ereeks. A launch can skirt the shore very closely. Many large schools were 
seen, in total many thousands of salmon, and some of them miles from the 
nearest creek. They were not all in spawning color. The deep water in many 
places along here comes close to shore, which shelves off abruptly into 15 or 
20 feet of water, in some places at an angle of nearly 45°. Often the bottom 
could not be seen at 30 feet from shore. Dead salmon were only occasional. 
Native drying racks were seen on shore, and the shelving bank and shore ap- 
peared good spawning ground. The salmon seen had mostly turned red, and it 
seems probable some may spawn here. Great schools, startled by the launch, 
would be seen for an instant as they shot away from shore into deeper water. 

Creek 15.—This is a little creek on a gravel point that was covered with 
willow and alder. It has two mouths but is too small to carry salmon. There 
are four small islands near. Opposite the easternmost of these soundings 
showed 53 fathoms at 30 feet from shore and 15 fathoms at 100 feet. 

At places between the mouths of Creeks 15 and 16 strands of long grass on 
the bottom of the lake. showed the current was making gently toward the head 
instead of the foot of the lake. 

Creek 16, Steep Creek.—August 8, 1908. It comes down from the west side 
of the highest and westernmost of the flat top range of mountains and is 
marked by the steepest gradient of all the tributaries of the lake. It affords 
favorable places for a dam, but the volume of water is too small to maintain 
a hatchery. Many salmon were present for so small a stream, and many eggs 
were seen in the water. Some distance up its temperature was 42° F. The 
shore region adjoining might furnish many spawning salmon. Between Creek 
16 and the main inlet a sounding of 27 fathoms was made about 100 yards off 
the point making out from the north shore. 

Creck 17, main inlet—This stream drains the lakes above Aleknagik and 
is by far the largest of all the tributaries of the latter. On June 12, 1908, 
while ice still covered the lake west of the inlet, the flow in the latter was at a 
high stage, the current swift, and the water very clear. Only with difficulty 
could a boat have been pushed up the heavy riffles, which in places become 
rapids. Some drift ice was constantly passing. Two hours’ walk up the trail 
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along its west side disclosed no falls nor cascades yor rise sufficient for a 
gravity supply of water. The lake near the inlet mouth had an excellent 
gravel shore with deep water. Many salmon bones lay in a windrow on the 
bottom 10 or 12 feet from shore. Many thousands of redfish fry, the young of 
the season with sacs but recently absorbed, were schooling along the beach 
close inshore. On July 27 of the same season these young fish were no longer to 
be seen. 

The inshore gravel was bare from the fall of the lake level, and the bottom 
was algez-covered. In the shore eddies of the inlet stream many ragged and 
tattered salmon were resting. Farther up a straggling procession, most of the 
fish still uncolored, was ascending. No ripe salmon were seen, and it seemed 
evident these fish were bound for the upper lakes and not to spawn in the 
inlet. On August 8 at the same point a similar procession, nearly all in red 
color, was still slowly passing at the rate of about 300 an hour. These were 
close inshore, and although the depth prevented seeing any fish beyond a few 
feet from shore they probably represented most of the run on the west side of 
the inlet at this date. They kept close in to avoid the current, like the 
ascending columns in Wood River. Certainly many of these migrating fish 
were bound for the upper lakes. There was no good evidence of spawning in 
the inlet. ; 

In 1909 a few observations were repeated. July 1 there were no fry on the 
gravel beach where on June 12, 1908, they were in force. On July 23, how- 
ever, they were again seen in numbers along the beach below the inlet. Some 
young of the season were seen July 1 up the inlet but no adults. July 23 the 
usual thin procession, with many gaps, was passing, and very few fish had 
turned red. The native drying racks had only green fish. Information from 
a native indicated that the inlet does not freeze over in winter, that consider- 
able drift ice comes down, and that there are “plenty lakes” above. The 
lake surface July 1 registered a temperature of 42° F. at 7 p. m. A bench 
mark placed at this date showed on August 2 a fall of 21 inches for the lake 

level. 
Padden Bay and its streams.—August 8, 1908. West of the inlet is a con- 

siderable indentation known locally as Padden Bay. The trend of its upper 
portion is NW. by W., of its lower or main portion about N. Five creeks 
(18-22) empty into it, only one of which is of importance. 

Creek 18.—This is a small brown creek just inside the bay. There were 
about 100 salmon in its sluggish muddy estuary. 

Creek 19.—A short distance beyond Creek 18 and of the same type. Many 
live salmon and many eggs on good gravel were seen in its mouth. 

Creek 20.—Like the preceding. Fifty salmon were schooling off its mouth. 
Heavy underbrush impedes progress along the stream, which is close to the 
peninsula on which is located the cabin of the prospector whose name is given 

to the bay. 
Creek 21—A small brown creek, corresponding in position to Creek 22, 

each emptying on opposite sides of a little peninsula. There were many salmon 
about its mouth. Near by, among moss and plants, a lot of young pike (Esox) 
were seined. A small bight opposite the cabin may possibly contain another 

small creek. 
Creek 22, Padden Creek.—July 27, 1908. This is the main stream of the bay 

and is indicated on Rodman’s sketch map of 1900. No observations were made 
August 8. Above its long narrow estuary it meanders .through tundra and is 
bordered by black birch and alder. Its width varies greatly, not exceeding 
8 or 10 feet. It is shallow, reaching a depth of 2 feet where its coarse gravel 
is hollowed out by salmon. It has a moderate current with occasional riffles. 
It soon bifureates, and the eastern branch trends toward the second lake. 
The salmon present were nearly all in deep red color, and many were spawning. 
The fish were evidently the first comers, marking the beginning of the spawning 
season here at a date when practically none of the salmon ascending the 
main inlet had turned in color. Mr. Wallich estimated the stream as capable 
of furnishing 12,000,000 to 15,000,000 eggs. 

The courting fish, in fine spawning color, were here and there fluttering and 
fanning over the gravel. A pair seen at Chilkoot Lake in 1907 brought the 
actual spawning under better observation. The female had been fanning with 
her tail fin over a definite nest. The two fish approached each other and 
heading in the same direction lay parallel at the bottom of the nest with their 
sides in contact. At the same moment, while a convulsive fluttering shudder 
shook their whole bodies and the mouth of each fish distended widely, eggs and 



ALASKA FISHERY AND FUR-SEAL INDUSTRIES, 1922, 47 

milt were ejected, slightly clouding the water. The pair soon repeated this 
performance. The nest was then examined, and at first no eggs were seen. 
After picking away the stones at the bottom about two dozen eggs were 
found, presumably just extruded. Accompanying them were several large 
nematode worms which had been voided by the salmon. It appears that, at 
least on occasion, only a few eggs are spawned at the mating juncture, which 
must be frequently repeated. 

Lake next above Aleknagik.—July 27. A mere view of a portion of this 
lake was obtained. From the mouth of Creek 22 it was reached after an hour’s 
walk over a fairly good old native trail. From the point where the trail meets 
the shore the lake is somewhat more than a mile wide and the trend of the 
10 or 12 miles of water visible is apparently like that of Aleknagik. Opposite 
this shore of large uniform pebbles the water was very clear. A few salmon 
were obscurely seen near shore. The vicinity did not appear to be good spawn- 
ing ground. Heavy shore growths came down close to the water. From Pad- 
den Bay to the head of the lake there are no streams. 

Creek 28.—July 28, 1908. At the extreme head of Lake Aleknagik. This is 
one of its largest tributaries, though much smaller than the main inlet. Op- 
posite its mouth a gravel bar rises abruptly from deep water and should be 
cautiously approached in power boats. The creek empties in two channels over 
shailow flats and wide reaching bars of gravel, sandy mud, or quicksand. 
Above the delta the mouth was about 75 feet wide. Its water was very clean 
and clear, with a temperature of 41° F. at 9 a. m., warming rapidly to 51° F. 
at noon of a hot day. The shallows near the mouth contained small schools 
of 2 to 15 red salmon fry. 

A mile and a half of the creek showed an ordinary meander with swift 
current and excellent spawning bottom, the gravel getting coarser upstream. 
There were many willows and alders about the mouth and bordering the banks 
farther up. Pools and holes four to six feet deep occur. Salmon by hundreds 
in spawning color were seen migrating upstream, while few were making beds. 
In a small slough over a mile above the mouth a male humpback salmon was 
seen at the head of a school of 50 Dolly Varden trout and 2 red salmon. 
The stream is doubtless many miles long. It carries considerable drift timber, 
of which a large accumulation was cast up on the lake beach south of the 
mouth. 

Creek 24, Wallich Creek.—This is the first stream on the south shore, about 
2 miles below the head of the lake. It was first examined on July 28 by Mr. 
Wallich with a view to its value as a location for a hatchery. It is nearly as 
large as No. 23 and offers perhaps more advantages for the establishment and 
maintenance of a hatchery than any of the other streams. The estuary is long 
and shallow, with gravel bars. Along the lake shore on both sides of the mouth 
deep water comes within a few feet of shore, and a steamer could dock at a 
short wharf. A few hundred yards to the west of the mouth at 30 feet from 
shore the water was 6 feet deep. It is moreover convenient to the head of the 
lake and to Creeks 22 and 23 for supplementary egg supplies. On the lake 
front west of the stream is a tundra-covered plateau, with thin spruce woods, 
rising quite abruptly from the flats ’of the creek and bordering these upstream. 

In the first half mile the stream is from 15 to 60 feet wide and has excellent 
gravel beds. About 300 or 400 yards above the mouth there is an island 
between 500 and 600 feet long. From the upper end of this island to the mouth 
of the creek the levelings made indicated a fall of at least 16 feet. Several 
feet of this fall occur in the reach along the island. The plateau passes along 
the lesser channel opposite the island, standing 10 or 12 feet above the creek 
bed. This high ground slopes down somewhat at each end of the island to the 
creek flats, maintaining itself at the lower end as a low, abrupt ridge 4 or 5 
feet above the flats. The upper end of the island is apparently the best place 
to dam the stream. From here a flume could be buried by grading along the 
face of the bluff on the west shore and led to the lake front not far from the 
ereek mouth. Here a hatchery could be placed above the highest lake level 
and low enough to receive water taken from the creek at the upper end of 
the island. 

On August 8, 1908, and August 2 and 8, 1909, the salmon in the stream below 
the first bend above the island were counted and estimated. The result indi- 
cated at least 500 to 600 on each date, besides a few dead. Thermometer 
readings showed water temperatures between 45° and 52° F. Observations of 
the water level in the creek at the upper end of the island showed in 1909 a 

54940°—23——_4 
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fall of 44 inches between July 23 and August 2. On August 8, 14 inches had 
been recovered from the heavy rains of the day. July 1, 1909, it had fallen 
at least 2 feet from the high of the season. * 

Immediately east of Creek 24 are two indentations. The one visited proved 
to be a lagoon, its water scarcely flowing out of it into the lake. Salmon 
bones of the preceding season were seen on the gravel beach outside of it. 
The other indentation is probably of a similar nature, perhaps with an unim- 
portant creek, 

Creek 25.—August 8, 1909. Farther eastward of Creek 24 a long, shallow 
bight receives Creeks 25 and 26. Its western portion has shallow flats. Creek 
25 has a very narrow mouth overgrown by bushes and is of the swift-current 
type, carrying no salmon. None was seen in the creek, either living or dead, 
nor any close to the mouth. Nevertheless, on the flats there were many. At 
the eastern end of the bight a rounded gravel point makes almost perpen- 
dicularly down into the lake. Here a large vessel could almost dock against the 
shore. Many salmon were schooling along this shore. 

Creek 26.—August 8, 1909. No salmon were seen in this small creek. It has 
a little lagoon mouth a short distance east of Creek 25. Between Creeks 25 
and 26 the beach is terraced with small gravel as left by the fall of the lake 
level. Many old salmon bones were confined mainly to the gravel, which was 
not continuous between the two creeks. 

For some miles eastward of Creek 26 along the south shore of the lake there 
are no streams. At this date the fall of the lake level had exposed a border 
of fine gravel just above the water’s edge along this region. 
Somewhere between Creeks 26 and 27 there is a bay, which was entered July 

28, 1908, but no creek could be found. A considerable school of red salmon 
in spawning color was working on a bottom of large stones and some seemed 

to be spawning. Red-salmon fry were seen here. Eggs were not certainly iden- 
tified. For a long distance salmon were seen broaching off shore, and it 
seems probable there is some shore spawning here. 

Creek 27.—August 8, 1908. This stream is opposite the main inlet across the 
lake and is an interesting example of the streams carrying few or no salmon. It 
has a steep grade, good bottom, strong current, and water enough to maintain 
a hatchery. The temperature was 42° F. There were many salmon off its 

mouth, but only two alive and one dead were seen in the stream. One only of 
the two was in spawning color. The very narrow mouth had a number of 
dead salmon around it. Much underbrush and deadfalls made it difficult to 
ascend the creek bed. 
Why do the salmon refuse this stream? Many smaller ones with no better 

gravel beds had many spawning fish at this date and earlier. The answer may 
be that it is too swift and torrential for proper spawning, though salmon are 
able to stem its current, and its mouth, though narrow, is sufficiently accessible. 
One may compare certain creeks flowing into Chilkoot Lake in southeast 
Alaska, which appear admirable in all conditions except an abundance, of 
quiet places but which take no salmon whatever; but compare also Creek 16, 
which also has a steep grade, but has manyesalmon. It, however, contains more 

resting places and quiet spawning pools. The temperature of the lake water at 
the surface 100 yards off-shore, beyond Creek 27, at 8 p. m., was 54°F. 

Creek 28—August 8, 1908. It is about 1 mile east of Creek 27 and of about 
the same size and type. Temperature at mouth 433° F. The mouth was nar- 
row, discharging over the beach gravel without a channel. A former channel 
at the mouth was nearly obliterated, and the creek made a right angle turn 
just before debouching. The wash of a storm, or perhaps ice, may have blocked 
the former mouth, which had become a seepage through gravel and larger 
stones. The current was swift, and the bed rose rapidly. No fish were seen in 

the hundred feet examined. Entrance without the channel would be difficult. 
Creek 29.—August 8, 1908. Farther east of Creek 28 there is a lagoon inside 

the shore line. At this date after a seasonal fall of at least 40 inches it was 
barely above the lake level and delivering only a trickle of water. The land 

about was very low. It has been claimed there is a connection between Lake 

Aleknagik and Snake River Basin, and these conditions gave some hint of this. 

At this time on account of darkness no stream was identified, but the trickle 

of one could be heard flowing into the lagoon. However, on July 1, 1909, 

the place was again visited. The lagoon mouth was then 3 feet deep and 

three small creeks were delivering into it, while the lake level was only 6 inches 

below the high water for the season. It is therefore highly improbable that 

there is any seasonal overflow from this point to another basin, Two of the 
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three creeks are very small. All have brown water. Redfish fry were playing 
in all of them. 

Creek 30.—August 9, 1909. It is of the same type and about the same size 
as Creek 24, running through very low land. Its estuary has low islands, gravel 
bars, and little sloughs. The rise of the lake would put the mouth back 
hundreds of yards. The creek is 40 to 50 feet wide, narrowing at the mouth. 
Temperature 44° F. There are many big rocks and bowlders upstream. Sey- 
eral hundred salmon were seen in a half-mile reach. 

Creek 31.—August 9, 1908. East of Creek 30 there are no creeks for a few 
miles. Just before reaching the high and prominent peninsula a good-sized 
bight occurs, making a small peninsula on its western end. A small brown 
creek empties into the eastern portion of this bight, cutting a rather wide 
mouth through the beach gravel. Temperature at mouth 44° IF. It carried 
many salmon for so small a stream. Many eggs and spawning fish were seen. 
It differs markedly in type from those carrying no salmon. It is heavily 
overgrown with bushes, runs through tundra-like country between mountains, 
and the grade rises rapidly but leaves plenty of pools and easy currents for 
fish. It is an excellent supplementary stream as a source of eggs. 

Creek 32.—July 28, 1908. At the head of a large bay about 1 mile long 
behind the high peninsula. The entrance is foul with rock shoals on each 
side, and caution must be used in approaching. The stream is a large one, 
exceeded in size by not more than four or five of the lake tributaries, and 
drains low swampy ground with many stagnant sloughs. There is no favorable 
place for a dam. It very soon bifurcates, and one branch bifurcates again. 
It is probably made up of several or many branches. The main stream is 
about 20 feet wide. The ground about the mouth was at this date swampy 
and cut up by dry sloughs. The water was very clear and cold, with the 
finest kind of gravelly spawning grounds, pools, and riffles. Many highly 
eolored redfish in spawning condition and many nestS and eggs were seen. 
Some thousands of salmon must already have entered at this date. 

Creek 33.—July 30, 1909. An insignificant stream, heavily overgrown with 
bushes, about a half mile east of the island at the mouth of the bay at whose 
head is Creek 32. There was a school of salmon and some redfish fry near the 
almost stagnant mouth of brown water, but there were no salmon in the few 
yards of the stream inspected. A few trout were seen. 

Creek 34.—June 30, 1909. This important creek is about a mile west of 
Creek 35 and similar in size to the latter. There were some native drying racks 
near by. Though the stream did not appear promising at the mouth, which 
is less extensive than that of Creek 35 and debouches more abruptly, it con- 
tained an abundance of salmon. Besides hundreds in the mouth, 500 were 
tallied in less than a half mile, all in fine color and none dead. Nine days 
later the same reach contained not fewer than 765 living and 34 dead. Nearly 
all were highly colored and many making nests. This is evidently one of the 
best streams of the lake. The grade rises rapidly, the bed is ideal spawning 

ground of heavy gravel, and the water is very clear and cold. It probably does 
not come from a lake as does Creek 35. 

A female redfish with a remarkable gill-net twine wound was seen here. The 
fish, which was not in full color, had an immense deep sore along the usual 
site of twine scars. The sore was deepest in the muscles of the back, making 
a gaping red wound so deeply eroded that, with the more superficial erosion 
extending around the belly, the two halves of the body vibrated on this wound 
as a hinge. The fish seemed about to break in two parts whenever it swam 
rapidly. It had a much fungused head and was rather feeble. 

Having in mind the possibility that the salmon may acquire a terminal infec- 
tion during the latter stages of life or when spent, two highly colored examples 
were taken from this creek and bacteriological cultures made from them. 
One was a dead and spent male 26 inches long, the other a dying spent female 
23 inches long. Blood from the heart of each was planted in agar plates. 
The result was negative. 

Creek 35.—July 30, 1909. In the bight south of the point which is opposite 
the island nearest the location of the tally rack. It is a creek of some im- 
portance, with a conspicuous estuary. The water was warmer than most of 
the other creeks, indicating its source in a lake that is about a half mile long 
and less than an hour’s travel above the mouth. The grade rises rapidly, 
making cascades in its upper reaches. About 50 adult salmon were seen, all 
living. There were many fry where the stream leaves the lake, and four adults 
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were seen entering the latter. Algze covered the foot of the lake and the origin 
of the stream. Just inside the lake, to the right, a small stream enters, com- 
ing from a spring pool 100 yards away. This cold pool contained many fry 
but no adults. In some seasons Creek 35 probably receives many salmon, 

Creek 36—July 27, 1909. This is a little stream 2 feet wide at its mouth 
emptying into the south side of the lagoon at the foot of the lake. It was not 
seen in 1908 and carried no salmon in 1909. It bifurcates soon and branches 
again, having various sources in boggy seepage in and about the sparse woods 
near the lagoon. It evidently does not drain any of the small lagoon-like 
waters lying south of the foot of the lake which were seen on July 21 from 
the top of the mountain near the village. One of the branches of this creek 
rises in an irregular seepage pool in which a number of young trout 7 or 8 
inches long were seen. These were probably Dolly Vardens. A number of 
adults of this species were seen in the creek itself. Not a single salmon was 
seen in the creek, though the bottom is favorable and many pass near its mouth. 

THE LARGE ESCAPEMENT OF 1908. 

Certain comparable observations in 1908 and 1909 tend to throw light on the 
size of the escapement of 1908 as related to the preceding and succeeding 
years. 

In 1909 the abundance of redfish fry about the shores of the lagoon and in 
the small shore pockets of the upper river was frequently noted and appeared 
to be greatly in excess of that seen in 1908. The escapement for 1907 is of 
course unknown, but this confirms the presumption arising on other grounds 
that it was a small one. In Creek 6, the whole of which was explored in both 
seasons, there had entered in 1908 on and before August 7 eight times as many 
salmon as had entered in 1909 on and before August 8. This is consonant 
with the records for the escapement of 1908 and 1909, which were roundly 
2,600,000 and 890,000, respectively. There is thus, outside the actual figures 
from the tally rack, some confirmation of 1908 as a year with a very much 
higher escapement than that which preceded and followed it. 

Unlike lakes in Alaska on which hatcheries have been established, in Lake 
Aleknagik the salmon do not all resort for Spawning to one or two, or at most 
very few creeks, but spread through a wide territory represented by many 
creeks. Moreover, a large number of the salmon entering the lake proceed 
through it to the upper lakes, of which there are said to be three. What the 
proportion is between the numbers spawning about Lake Aleknagik and in the 
basins of the upper lakes is unknown but it is certain that many salmon ascend 
the main inlet of Aleknagik apparently bound for the upper series of lakes. 
There is little evidence that any great amount of spawning takes place in 
the inlet. 

From the numbers of salmon seen in the different creeks of Aleknagik during 

the seasons of 1908 and 1909 up to August 9 it does not appear certain that 
any one creek contained enough salmon to supply a large hatchery with eggs. 
However, as many fish may have already passed to the upper portions of the 
streams, and as more were to enter before the end of the season, it is not im- 
probable that a barricade would show from any one of several streams a quota 
large enough to fill a hatchery. If the supply were short, it would not be 
difficult to take eggs from streams at a distance from the hatchery. 

Since red salmon have been successfully impounded at the Baker Lake 
station in Washington, the question arises whether this method can be ap- 
plied to Lake Aleknagik. The temperature of the water is favorable to hold- 
ing the salmon in this way. It is not likely that this method will be found 
expedient in this region. If gravity water supply is to be depended upon, 
this will control the location of the hatchery and probably place it so far up 
the lake that the eggs may be taken from the streams. Reports should be 
obtained on the condition of streams in the winter with respect to freezing 
and volume of flow. 

KUSKOKWIM RIVER. 

As conditions seemed to warrant a special investigation of the fish- 
ing and salmon-run conditions on the Kuskokwim River, Bering Sea 
district, Alaska, Assistant Agent L. G. Wingard was sent to the 
region in 1922, leaving Seattle for those waters May 30 on the steamer 
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Admiral Goodrich and arriving at Bethel June 13. Mr. Wingard 
made a careful study of conditions, his findings indicating the extent 
of the run of salmon and the need of conservation to prevent depletion 
by the influx of fishing concerns from other districts where the indus- 
try has declined. His report is as follows: 

On arriving at Bethel a good, sturdy gas boat was engaged, as work in the 
eountry was to consist wholly of operations along the Kuskokwim River. The 
first work was the placing of markers at the mouth of the river, which is 
discussed in detail on page 538. Following that, all fishermen and packers on 
what is termed the lower river were visited and given notification of the 
location of the markers and the nature of the regulation governing fishing. 
After this the writer patrolled the river for 32 days. As every evidence during 
this time showed that both packers and fishermen intended in entire good faith 
to obey the regulation, and the run being over except for the silvers, a general 
trip of observation was made up the river. This trip lasted 18 days and ex- 
tended as far as the Eskimo village of Tuliviksak, approximately 400 miles 
up the Kuskokwim River. Here high water, great quantities of drift, consist- 
ing of stumps, uprooted trees, etc., together with an unpopulated country 
ahead, and consequently nothing to be gained by a farther advance except 
the town of McGrath, which was over 100 miles farther, caused the agent to 
turn back to the lower river. On this trip stops were made not only at every 
village but at every habitation, interviewing residents, taking notes, and getting 
as nearly as possible all the information obtainable relative to salmon runs 
and fishing conditions. 

As there are no canneries located on the Kuskokwim, the packing operations 
on the river resolve themselves into the activities of salteries and drying 
stations. Four salteries—Knaflich station, Jessland station, Walsh-Joaquim 
station, and Lundstrum-Garthy station—operated there this season. The 
Knaflich station, located at Apokak, 5 miles from Beacon Point, is owned and 
operated by Louis Knaflich and employed but three fishermen. The season’s 
pack amounted to thirty-one S00-pound tierces of king salmon and forty-seven 
200-pound barrels of red salmon. The silver pack at the time of departure 
was not complete. The Jessland station, located at Quigiung, 20 miles above 
Beacon Point, had packed 11 tierces of kings and 35 barrels of reds and had dried 
3,000 chum salmon. The Walsh-Joaquim station, located 45 miles up river 
from Beacon Point, packed 88 tierces of kings and 24 barrels of reds and dried 
5,000 chums. The Lundstrom-Garthy station, on the Kuskokwak creek, 5 miles 
below Beacon Point, packed 8 tierces of kings and 30 barrels of reds and dried 
2,000 chums. The output of these four concerns comprises the entire commercial 
pack of the river that goes outside and is the total pack put up on the river by 
white men between Bethel and the sea. The total number of fish caught was 
only 35,000. In explanation of this small number it should be stated that none 
of the packers are large operators. Two or three natives were the most em- 
ployed at any one time by them during the summer. 

There are @ number of small operators drying fish whose output is con- 
sumed locally or sold to persons traveling in the region. On the river above 
Bethel, at Steamboat Slough, Neal Corrigan dried 1,500 fish for his own dogs. 
Farther up the river at Ohogamute a white trader named Morgan caught 1,500 
small fish and 100 kings, drying them for his own use and for barter with 
the natives. Five miles above Ohogamute Charley Swanson dried 1,500 small 
fish and 50 kings. A man named Walters, a mile below the native village of 
Aniak, dried 1,800 small fish and 50 kings. At Aniak a man named Johnson 
dried 1,650 small fish and 47 kings. At Napamute George Hoffman dried 2,000 
small fish and 30 kings for his dogs and for barter. Sam Voich, 32 miles above 
Napamute, dried 3,500 small fish and 50 kings. At Crooked Creek a man named 
Dennis Perrin dried 6,000 small fish and 200 kings. At Georgetown, something 
like 300 miles up the Kuskokwim, George Fredericks dried 5,500 small fish and 
50 kings. A short distance above Georgetown at what its known as Lousetown 
J. Young dried 2,500 small fish and 200 kings. Eight miles above Georgetown 
George Woods dried 2,200 small fish and 400 kings. Thirteen miles below 
Sleitmute, a native village 350 miles from the sea, two partners, Nick Millet 
and J. Johnson, dried 3,000 small fish and 150 kings. At Sleitmute a white 
trader, George Bishop, employed a native fisherman, and after drying 250 
small fish, desisted on account of high water. Fifty miles above Sleitmute, at 
the native village Tuliviksak, u trader, Ora Barnhardt, also had a native fishing 
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for him but was in turn discouraged by the high water after he had dried 
more than 100 small fish. 

The term “small fish” is used on the Kuskokwim to indicate red salmon and 
chum salmon, no distinction being made between these two varieties by driers. 
At the salteries, however, they split the reds for salting and dry the chums for 
winter use locally. 

From observations and from reports of the white traders and trappers it 
seems that the natives of the Kuskokwim do not depend upon dried salmon 
for their winter food supply in by any means as large a ratio as do the natives 
of the Copper River region, or of the Kvichak district, one reason being that 
about only one-half of the native families have dog teams, and those consist 
of but two to five dogs. 

On the lower river—that is to say, between Bethel and the sea—the native 
makes his living by trapping and fishing, deriving the larger part of his live- 
lihood by shooting muskrats and trapping foxes. The natives are seminomadiec, 
each family apparently having three or four homes. One of these is a summer 
salmon camp, where a tent is pitched or where there is an old barabara built 
in previous years. There the family lives through the fishing season on 
salmon and dries a few for winter use. After the salmon run the family will 
move to some permanent camping grounds, usually a village, which is its winter 

headquarters. There the native trades, bartering a portion of his dried fish 
for food or other articles he needs, and fishes for the ever abundant whitefish 
and smelt in the sloughs and for blackfish, called by the natives Chinagik, in the 
lakes. All of these fish are easily taken and furnish a constant source of fresh 
food supply during the winter in noteworthy contrast with the very large amount 
of dried fish eaten by natives farther south in the Bering Sea region. For 
these reasons and the further fact that he is an active hair-seal hunter in the 
early spring, the Kuskokwim native is not dependent upon dried salmon to the 
extent that natives in other sections are. 

There were roughly 150,000 small fish dried in the 15 native villages between 
Bethel and the sea. This allowed 1,000 fish for each family, which is the 
number the consensus of opinion on the river credited the average native 
family with putting up and the average of the agent’s counts tallied with 
this number. One-half of these and sometimes more are sold or bartered, 
leaving the rest for home consumption. 

In 50 native villages and camps above Bethel 150 families were found, each 
one of which averaged the usual 1,000 dried fish, or 150,000 in all. These 
upriver natives impressed one as being more energetic and thrifty than the 
lower Kuskokwim or tundra natives. With the conditions for fishing not 
as good as on the lower river, they nevertheless made fair catches under 
adverse circumstances. Driftwood, consisting of huge logs and roots of trees, 

together with swift and high water throughout the entire fishing Season, re- 
sulted in the ruin of nearly all their fish wheels. 

As one of the matters to be investigated was the amount of salmon available 
for the use of the natives, it can be reported, after traveling 300 miles up- 
stream from Bethel and visiting more than 50 villages, that the natives have 
sufficient dried salmon for both themselves and their dog teams. 

Whitefish, before referred to, are caught throughout the winter by natives, 
giving them fresh fish, which are relished more than dried fish. The natives 
also subsist largely on game in the winter, such as ptarmigan, Arctic hares, and 
snowshoe rabbits. These, with an occasional moose and earibou, together 

with smelt taken during the run of this small fish in the winter, and with 
provisions secured from the white traders, such as flour, rice, tea, and sugar, 

make ample provision for these people. Berries are an important article of diet 
among families with a semblance of thrift. 

The Kuskokwim native is quiet and peaceable, possibly a little less advanced 
in civilization than are the natives of the Kvichak River region. In all about 
65 villages and camps were visited, and some of these contained as many as 

30 families. 
There are tabulated below a few of the villages visited, with the number 

of families in each and the amount of fish dried. The number of fish in the 
shed were determined by entering the smokehouse or drying rack where the 
fish were curing. Because the natives were late in beginning fishing, as men- 

tioned before, they caught very few king salmon, many of the familes drying 

none at all. Many camps that had no name were visited. These have been 
designated as camps and placed in the order in which they came, traveling 

from Bethel up river, rhe 

iene 
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Native villages on the Kuskokwim River and approximate number of salmon 
dried in each. 

BELOW BETHEL. 

Number Number | 4; : : : : b 
Name of village. of a abe Name of village. of pants bale 
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Quickchogamute. ............ 12 7,500 || Kalagamute (Lower)...-...-- 7 7,500 
ektokt 4 2st. a2! 5 2,200 |} Kalagamute (Upper)...--..--- 5 5, 500 
SOIT Fool a ga Baden sts wis 2 1,750 || Kokokamute...........-.-.-. 22 20, 000 
UIPT Pe ae ein ag 7 7, QOOL | PODOKAIMUTC.. oe 2 oo. socom 31 30, 000 
Ichikslikomute............... 19 20 O00; Roagrcamps: = 2222. Sei s22. 22 5 11 12, 000 
Domayik. 225.2 $s.020 asses -2 ll 9, 000 | 
Moravian Mission...........-- 1 2) 200 Oc Msecheevesnss kt | 176 | 155,350 

| 

BETHEL AND ABOVE. 
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é nets. | wheels. oe nets. | wheels. 

a ae 7 | 5,500 ee ere Napamute.......... 1 400 sic hee 1 
Five camps......... 14 | 15,000 i Ll (eg ee Martin Village...... 6 | 7,000 1 5 
Akiachuk........... 23 | 18, 000 ial betel pe Three camps........ Set BL SOON see 4 3 

ae in}. <6. 1 18 ee oe ee WoO CamMps........-. Sie, OO Vea aa 
Tulaksak Lower) = 2| 1,500 pg tng George town.....--. ji (IA yl nara id 

sa. pper).. 3 | 2,000 i Le Acoma ousetown....-..-- Teh ts 2004 ee Je 1 
Koskogamute....... 14 PG PONOSE Le Se 1 || Twocamps......... 471 139300" hex xt 4 
Ohogamute......... 7} 9,000 1 3)|| Sleitmurte = V5.5 se<¥- piteel 200) | sess 5 
ape ou Senders 5 | 11,000 1 AN SD WMESR RG ee we armats 2 2 AQOT |e a2 ae 2 
row Village........ i Pe ros OOO T= cscs Z — 

Anjali 4.805 5 1] 1,100 |...... 1 Tota 25s 117 |125,800 | 10 37 
Russian Mission... . 1 Fa (Pees 1 

MARKERS. 

The location of the markers at the mouth of the Kuskokwim River did not 
prove satisfactory to the fishermen and packers on the lower river, aS markers 
had never before been placed on the Kuskokwim, the regulations being pro- 
mulgated only at the close of last season. 

* Upon arriving on the Kuskokwim the markers were placed immediately 
at points directed by the bureau, the one at Popokamute Point being fixed 
June 15 and the one at Beacon Point June 16. Following this all the operators 
were visited and informed of the ruling of the bureau and also of the further 
fact that the markers were already in position. In conversation with them 
it became apparent that they all were of the opinion that the markers were 
too far down the river. They felt it was imposing a needless hardship upon 
fishermen to ask them to go outside the line drawn across the river by the 
markers, it being practically a big bay, wide open to the sea, with rough 
weather nearly all the time and generally a sea running. The present fishing 
operations, they felt, were of such small volume, and the methods and gear 
employed in the catch would be considered so ineffective where large opera- 
tions are under way in other portions of Alaska that it was needless to go 
so far down the stream. 

The writer agreed with them in the matter of the small demand made upon 
the river at this stage of the fishing and packing operations, but informed 
them at the same time that the prohibitive locations were made as a matter of 
stream protection in case other and larger operators came in; that the bureau 
had in view such efficient protection of the Kuskokwim as would keep the river 
runs of salmon up to their present level throughout perpetuity. The con- 
versations ended by all admitting that as the regulation was made and in 
force they would have to abide by it for the present, but nearly all of them 
expressed the hope that the matter would be reconsidered and the markers 
placed farther upstream so that they would have at least some sheltered water 

to fish in, 
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Going farther into the discussion of the locations of these markers, which 
may in the wisdom of the bureau require further consideration, it may be said 
that the Kuskokwim is about 14 miles wide at the point where the prohibitive 
line from marker to marker crosses the river. The river at this point is 
rapidly widening into the ocean, and as the stream opens to the south, from 
which prevailing storms bloy, it reduces the matter of fishing to open-sea 
operations, with a high sea, due to storms, generally running. The Kuskokwim 
fishermen and operators nearly all asked that fishing should be permitted 
upriver as far as Helmick Point, which is 8 miles above the upper end of 
Eek Island. At the very least they requested that the markers be placed not 
higher than Quigiung and West Point, which would bring the prohibitive line 
across the river just at the upper end or head of Eek Island. Notwith- 
standing the discussions that arose over the locations and the objections to the: 
sites of the markers, as far as observed or ascertained, there was no infraction 
of the regulations. 

RUNS OF SALMON. 

Four salmon runs seasonally enter the Kuskokwim River, consisting of the 
king, red, silver, and chum salmon runs. There is no humpback-salmon 
run. It is commonly reported that the run of silvers is the largest and the 
chum salmon next, with the red salmon a close third. The run of kings is the 
smallest in point of numbers, yet, owing to the size of the fish this run, weight 
for weight, will likely equa! the red-salmon run. 

The first run of the season is that of the kings, which commences about 
June 10 and lasts hardly a month. While the kings are still in the river, 
along about June 25, red salmon are found in scattering numbers and by July 
1 the run is good. Two or three days after the first red salmon appear in the 
river chum salmon commence showing up, these two species running almost 
simultaneously. Both runs last about three weeks, with the peaks of the runs 
passing between July 1 and 10, storms out on the ocean often either retard- 
ing or accelerating the action of the runs. By the 1st of August silvers are 
running and continue almost until the time of the freeze-up. 

Owing to the severe storms this season all the salmon runs were about 10 
days ahead of time. This advance in time was not known along the river, and 
by catching the fishermen unawares a third of the run got up river before gear 
was in the water. The natives were particularly tardy in opening fishing. It 
was the first open season on beaver and marten trapping in several years, and 
they were still occupied with dressing and bartering their furs. 

By comparing and sifting information obtained from interviews with hun- 
dreds of native fishermen and with every one of the white fishermen and check- 
ing them with the writer’s own observations a fair estimate of the volume of 
the different salmon runs in the Kuskokwim River was arrived at. The red- 
salmon run is about one-half of the red-salmon run in the Egegik River. The 
run of chums is fully as large as the run of chums in the Hgegik. As for the 
silver run it is doubtless as large as the run of silvers in any of the other 
rivers flowing into Bering Sea. The general comment everywhere along the 
Kuskokwim was that the silver run was always heavy, and many stories and 
statements were constantly forthcoming as to the strength of the run of this 
fish. The king salmon run also would stand on about the same level as the 
run of kings in the Hgegik. : 

As for good and poor years, considered from the standpoint of the salmon run, 
not a great deal of information could be obtained. The general opinion among 
the fishermen, both white and native, seemed to be that there were two good 
years with large runs and two poor years with lean runs. 

Fishing on the Kuskokwim is carried on by fish wheels and set nets. The 
fish wheel is not used at all on either the Nushagak or the Kvichak, which 

are sister rivers in the Bering Sea country. Set-net operators, taking advan- 

tage of the tides, can utilize nets of from 25 to 30 fathoms in length on all 
the lower river where the tidal ebb and flow offers the advantage of rising 
and falling waters. Above the tides eddies in the stream are utilized and 
fair fishing locations found. Wheels are placed on exposed points where the 
salmon crowd the meandering line of the stream in rounding the curve. 

NATURAL ENEMIES, 

As for natural enemies there are not as many gulls and terns in Kuskokwim 

waters as on other salmon streams of Alaska. There are more seals and 
belugas there ordinarily, if reports given by many different fishermen are cor- 
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rect, but as yet this season both of these pests were very scarce on the river. 
In this connection Al Walsh, of the Walsh-Joaquim saltery, has for several 
years been keeping a systematic tab on the salmon taken that have seal marks 
on them. Last season he found that ‘seal marked” king salmon averaged 1 
in every 30 fish taken. This season there was but 1 so marked in every 72 
caught. Natives also caught very few seals the past spring. In consequence 
of this there will be a shortage the coming winter of the seal muckluck which 
is so dear to the comfort of the average native. 

GENERAL DESCRIPTION OF THE KUSKOKWIM. 

In topography and physical conditions the Kuskokwim district is very similar to 
the Kvichak River. The volume of water flowing out of the river is much larger, 
however. In addition to being one of the largest rivers of Alaska, the Kuskokwim 
is also distinguished by the fact that it is the only Alaskan stream of any conse- 
quence that has not had salmon canneries operating upon it. Flowing out of 
the mountains of the interior the upper river is a swiftly running stream with 
many large tributaries feeding it. One hundred and twenty-five miles from its 
mouth the river leaves a rolling country covered with clumps of spruce, willow, 
and birch, and from that point onward traverses a tundra plain to the sea. 
Shallow waters, bars, sloughs, and a tendency of the stream to shift channels 
are the features of this portion of the river. The freeze-up in the fall and 
the break-up in the spring occur at approximately the same time as in the 
Naknek and the Kvichak Rivers in Bristol Bay. When the spring break-up 
takes place the river rises with the melting snow and ice, then as the season 
advances gradually falls, and by midsummer is very low. This season the 
water was from 5 to 7 feet above the normal summer level and higher than 
the average rise during break-up. The river, as is usual with tundra streams, 
has a wide bed and plenty of room for surplus water, but, owing to continued 
rains in July, the water, which had started to fall, suddenly commenced rising 
again. The old timers said over and over that it had been many and many 
a year since there was such high water during the summer as during this 
second rise. 

The damage done was large, considering the small number of people living in 
the immediate valley of the stream. On the trip up the river at least four out 
of every five fish wheels encountered were damaged in varying extent, only 
those on sheltered sloughs escaping damage. Some of them were entirely 
swept away, others being jammed, splintered, and portions of them carried 
downstream. The greatest loss was caused by logs and stumps drifting against 
the wheels. 

The Kuskokwim River country naturally divides itself into upper and lower 
river regions. The line of division crosses the valley of the river at Bethel, 
where, as stated, the country breaks from a region of rolling landscape into 
a low-lying tundra country, which reaches away to Bering Sea. Much of this 
lower river country has water upon it when there are extreme high tides and 
storms driving inland. Small lakes everywhere dot these thousands of square 
miles of monotonous tundra, which is treeless. Just above Bethel scattering, 
stunted spruce, birch, and willow begin showing, and about 30 or 40 miles 
farther up the river timber is scattered profusely over a rolling country. 

The tidal flow on the Kuskokwim is noticeable 75 miles from the mouth, but 
the current of the river shows the retarding effects of the tide as far up as 
Akiak, over 100 miles from the sea. The height of the tides is not so great on 
the Kuskokwim as on the Kvichak and the Nushagak. 

In an endeavor to give the bureau an accurate “close-up” of the general 
conditions of life in the Kuskokwim district it may be stated that in the whole 
district, from the Tuliviksak tributary to the sea, approximately 400 miles, 
there are 300 native families and about 75 white people. They all live along 
the riyer, either on the banks of the river proper or on sloughs paralleling 
the river and forming part of it. The natives of the lower river live in an 
igloo form of structure, as do many of the natives in the Kvichak region, 
more energetic families sometimes having log cabins. The home life, as is 
usual in the isolation of the Northland, is somewhat barren. Hunting, fishing, 
trapping, prospecting, and trading form the occupations of the whites. The 
natives live by trapping, fishing, and hunting. Although the region is sparsely 
settled, yet mile for mile there are more families on its banks than on the 
Kvichak River. 
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Communication is carried on up and down the river by three small river 
steamers, which operate from Bethel. These steamers are the Tana, owned and 
operated by Captain Langley; the Quickstep, operated by Captain Green; and 
the Tacotna, operated by Captain Buggy. They carry freight, mail, and pas- 
sengers and serve the little trading posts and native villages, and through 
their offices the necessities, many of the comforts, and a few of the luxuries 
of life reach the modest huts of the natives and whites scattered up and 
down the river. 

The trading center of the Kuskokwim region is the little town of Bethel. 
It is situated on the northwest bank of the river, 80 miles from its mouth, 
at the head of sea navigation. It is also the judicial center of the region, 
United States Marshal J. L. Heron and also United States Commissioner Boh- 
nam being located there, and has the Government school for the natives. The 
Moravian Mission has a church, sawmill, and large launch there and makes 
Bethel the general headquarters for their mission operations in the Kusko- 
kwim region. There are two stores and several independent traders. A na- 
tive village of 15 or 20 families forms part of the community. There are sev- 
eral white families and five or six white men with native wives. 

Situated 40 miles upriver from Bethel is Akiak, a native village, where a 
hospital, school, and the office of the super’ntendent of schools are located. 
Going on up the river white men are found about every 50 miles operating 
trading posts or roadhouses. Most of them have native wives. 

On the lower river—that is, below Bethel—there are a few scattering whites, 
who trade with the natives, bartering provisions and various articles for fur. 
In the summer they fish; in the winter they do a little trapping. Their life 
is an easy, indolent, and, it might be said, shiftless existence. Of course, 
there is thrift showing here and there. 

The spirit with which the people along the river accepted the entrance of 
the bureau into the fishing operations of the district was gratifying. © Both 
fishermen and packers seemed much pleased to have their corner of the world 
officially recognized by a department of the Government, and during the 
writer’s entire stay he was cordially received and on no occasion was aware of 
any resentment because of the efforts of the bureau to regulate fishing. While 
some were visibly disappointed, as noted elsewhere in this report, with the 
point of location of the prohibitive markers, the spirit seemed to be to accept 
the regulation and abide by it. The inference given everywhere\in conversa- 
tions with these men was that they were interested in the conservation of 
the fish runs and stood ready to cooperate, a feeling very different from the 
attitude taken elsewhere on occasions by many fishermen and even packers. 
The impression given on the writer’s departure was that the entire fishing 
interests of the Kuskokwim would welcome a return of bureau representatives 
year by year. In the case of the Walsh-Joaquim and Jessland stations fishing 
was begun before the writer’s arrival and consequently before any markers 
were set, so that they had been fishing above the limits as prescribed by the 
bureau. After placing the markers and giving notice of the same to the 
operators concerned, there was no evidence of any attempt to evade the law. 

If the salmon runs of the Kuskokwim are carefully conserved, the time may 
come when, due to depletion of runs in other streams of Alaska, the modest- 
sized runs of this river will measure up to the size of the receding runs of 
other salmon rivers of Alaska, and the Kuskokwim will then take an important 
place in the fisheries of the North. Certainly the runs should be carefully pro- 
tected to start with. 

CHIGNIK SALMON COUNTS. 

Arrangements were made in the spring of 1922 for the counting 
of salmon ascending Chignik River to spawn, and a crew consisting 
of John W. Gardner, Charles Petry, warden, and three others left 
Seattle April 5 to install a rack through which the fish should pass 
to enable counting. All necessary supplies and the small patrol 
boat Merganser were transported on the St. Paul, of the North- 
western Fisheries Co., from Seattle to Chignik, reaching there on 
April 25. 

Construction of the rack was begun at once at a point several 
miles up the Chignik River, where it is 464 feet wide and from 2 to 
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Fia. 7. Salmon counting rack in Chignik River. 

Fic. 8—Upstream side of rack in Chignik River. 
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4 feet deep. The rack was of tripod and picket construction, stand- 
ing 4 feet above low water, but because of high tides it was found 
necessary to raise its height 5 feet by means of wire netting. A 
plank walk extended along the top of the pickets, and four openings 
were built in the rack for passage of fish, the counter to stand di- 
rectly over an opening. A gate 6 feet wide was constructed for 
the passage of small boats. 

The rack was practically completed by June 2, and on June 9 the 
first salmon was seen below it. Counting was continued until fish 
ceased running October 20. <A total of 428,976 red, 58,300 coho, and 
241 king salmon were counted during this period. Humpback and 
chum salmon were not counted, but it was estimated that probably 
15,000 humpback and 1,200 chum salmon ascended the river. These 
two species spawn chiefly in the creeks that empty into Chignik Bay 
and Lagoon. Reports of the three companies operating at Chig- 
nik show a catch of 1,403,701 red salmon, indicating that the 
escapement in the season of 1922 was only 23.4 per cent, or less 
than one-fourth of the total run. The counting experiment will be 
continued over a series of years with a view to determining a basis 
for commercial operations in this district. ; 

KARLUK SALMON COUNTS. 

Red salmon ascending the Karluk River for spawning purposes 
were counted in 1922 as they passed through a rack 360 feet long 
placed across the river about half a mile above the lagoon. Every- 
thing was in readiness at the rack by May 12, and the first salmon 
were counted on May 20. Considerable numbers of Dolly Varden 
trout were captured by means of trap and seine, and large numbers 
also were destroyed by dynamite before the appearance of salmon 
necessitated stopping its use. Counting was in charge of Fred R. 
Lucas, who was detailed from the bureau’s hatchery at Afognak. It 
was reported that considerable difficulty was experienced with hump- 
back salmon, which spawned in large numbers above and below the 
rack and in some instances undermined sections of it. Thousands 
of the dead fish were carried down in a slight rise of water, and it 
was necessary to open a section of the rack to let them pass through 
in order to prevent the water damming up and carrying out the rack. 

‘The ascent of salmon continued until October 22, a total of 384,683 
reds and 9,752 kings passing through the rack during the season. 
No count of other species was made. Upon the basis of reports of 
the various companies securing salmon from Karluk it is computed 
that approximately 700,000 red salmon were captured. The escape- 
ment for spawning purposes was thus slightly over 35 per cent of 
the total run. 

YUKON RIVER FISHERY. 

The general prohibition on commercial fishing for salmon on the 
Yukon River for export from Alaska was in force in the season 
of 1922. The floating cannery of the Carlisle Packing Co., which 
was operated at Kwiguk Slough in 1921, was towed out at the end 
of that season and found a new location on Bristol Bay, where it 
was operated in 1922. 

The mild-curing plant of Waechter Bros., which was located on 
Leslies Island, outside of the protected zone, continued operations in 
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1922, all of its fishing being carried on in the shallow waters of 
Bering Sea, extending several miles off the delta. The season was 
successful, fishing operations beginning June 10 and ending July 11, 
when it was necessary to close the plant in order to make connections 
at St. Michaels with the steamship Victoria, which took the pack to 
Seattle. The total catch was 16,825 kings, from which 277 tierces 
were mild cured and 26 tons frozen. The 2,787 chum salmon taken 
were turned over to the natives camped around the saltery. Rates 
paid for king salmon ranged from 25 to 35 cents each to fishermen 
who were furnished gear by the company, and 40 to 60 cents to 
independent fishermen. Chum salmon were not purchased by the 
company. 

The bureau’s representative reported that the catch by natives 
along the river was probably the smallest in its history, which was 
probably due to the extreme high water, the river being bank full all 
summer, the longest stage of high water ever known. At a number 
of places good catches were made, which indicated that there was a 
normal run. It was reported also that the natives fished less dili- 
gently than usual, as in many places they were still supphed with 
money from the sale of their large catch of furs the previous winter. 
All occupied camps from the delta to Rampart Rapids were visited, 
the catch being estimated at approximately 15,000 kings and 215 
tons of dried dog salmon. In addition, W. F. O’Connor, at An- 
dreafsky, and Charles Homeier, at Mountain Village, put up small 
packs of canned salmon, 448 cases and 438 cases, respectively, for 
local use. 

HATCHERIES. 

EXTENT OF OPERATIONS. 

Four hatcheries, exclusive of Territorial plants, were again oper- 
ated in Alaska in 1922. Two belong to the United States and are 
located at Afognak Lake on Afognak Island and at McDonald Lake 
near Yes Bay in southeast Alaska. A third is maintained by the 
Alaska Packers Association at Loring, and the fourth by the North- 
western Fisheries Co. at Quadra. The total number of reéd-salmon 
eggs collected at these four hatcheries in 1922 was 110,745,000, which 
is a decrease of 17,455,000 from the collections of 1921. The largest 
decrease occurred at McDonald Lake, where the take of eggs in 1922 
was 26,000,000 less than in 1921. 

Operations of Federal and private hatcheries in Alaska in 1922. 

Red or sockeye salmon. 

Location of hatchery au ib | 

Eggs taken |PUM0n {Wer Hees taken 
in toa, | 2bed in 1921-| “Gn 1999, 

ETO Ps eR, nae OT me ULAR EEE” See 151,000,000 | 47,640,000 | —_ 25,000,000 
ANpriic TAke sc: Steere tenn eee O, SRO eS oe | 253,835,000 | 32,580,000 | 861,790,000 
Rértogaun. ..0..). moe 1. -abetice ) asthe terse 13,380,000 | 12,885, 000 17,760, 000 
FETE Fe aI 5 SOE a CN ee LIS SE I 9, 985, 000 9, 647, 000 6, 195, 000 

Lit) Se = 2a) eee: eee eo eee 128, 200,000 | 102,752,000 | 110,745,000 

1 150,000 eyed eggs planted in two lakes adjacent to the hatchery. 
2 Shipped 5,200,000 red salmon eggs to State hatchery at Bonneville, Oreg. : 
8 Shipped to Territorial Fish Commission 5,098,936 red-salmon eggs; to State hatchery at Bonneville, 

Oreg., 5,045,000 red-salmon eggs; to the Washington State Fish Commission 534,464 red-salmon eggs. 

a 
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HATCHERY REBATES. 

The Federal fishery law of Alaska, approved June 26, 1906, pro- 
vides that the owners of privately operated hatcheries shall be 
exempt from the payment of all taxes and license fees on their catch 
and pack of salmon at the rate of 40 cents per 1,000 red or king- 
salmon fry liberated. 

Rebates credited to private salmon hatcheries, fiscal year ended June 30, 1922. 

Owner. Location. | Red-salmon |r ehate due. 
fry liberated. 

Alaska Packers Association............. Nana SUneate - ote auen siete waie</fn 12, 885, 000 $5, 154. 00 
Northwestern Fisheries Co.............. PRHCH VS mMigh lakes. .seecseses of aos 9, 647, 000 3, 858. 80 

RGU eae a seen Jest e ci tos os =o See) ae seeihe estas Sopep s cewuce wen ees ee coe 22,532, 000 9,012. 80 

HATCHERY OPERATIONS. 

M’DONALD LAKE. 

In 1921 the collection of red-salmon eggs aggregated 51,000,000, 
from which 47,640,000 fry and fingerlings were liberated. In addi- 
tion 150,000 eyed eggs were planted in two lakes adjacent to the 
hatchery. The loss of eggs and fry together was 6.6 per cent. In 
1922, 210,000 humpback-salmon fingerlings were liberated. In the 
season of 1922 egg taking began on September 7 and was completed 
on September 22, between which dates 25,000,000 red-salmon eggs 
and 499,200 humpback-salmon eggs were taken. 

AFOGNAK, 

From the collection of 53,835,000 red-salmon eggs taken at A fog- 
nak in 1921 there were shipped to the State hatchery at Bonneville, 
Oreg., 5,200,000 eggs. Out of the remaining 48,635,000 there were 
lost 2,614,000 eggs, and 46,021,000 fry were hatched. The loss of fry 
aggregated 13,441,000, the plantings of red-salmon fry being 32,580,- 
000. An epidemic in May and June, 1921, occasioned a very heavy 
loss of fry. Its cause is thought to have been due in part at least 
to low vitality of the parent fish occasioned by exceedingly low water 
that occurred the latter part of the previous August and early Sep- 
tember when the take of eggs was heavy. No doubt such reduced 
vitality might have been transmitted from the parent fish to the 
eggs and fry. 

In the season of 1922, in the period from August 1 to September 
14, the take of red-salmon eggs was 61,790,000. Of these 10,678,400 
were shipped in September, 5,098,936 going to the Alaska Terri- 
torial Fish Commission at Juneau, 5,045,000 to the Oregon Fish 
Commission at Bonneville, and 534,464 to the State Fish Commission 
at Seattle, Wash. In addition, 600,000 humpback-salmon eggs were 
taken, of which 278,616 were shipped to the bureau’s hatchery at 
Birdsview, Wash. 

FORTMANN. 

The Fortmann hatchery of the Alaska Packers Association on 
Heckman Lake, Revillagigedo Island, liberated 12,885,000 young red 
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salmon in Naha stream and lakes out of 13,380,000 eggs collected 
in 1921. The loss of eggs was 3.7 per cent. In addition 830,000 
humpback-salmon fry were hatched from 900,000 eges collected 
in 1921 and liberated in the same water system. Ege taking in 1922 
began August 28 and ended November 4 after 17,760,000 red and 
240,000 humpback-salmon eggs were collected. 

QUADRA. 

The hatchery of the Northwestern Fisheries Co. on Hugh Smith 
Lake produced and released 9,647,000 red-salmon fry out of a total 
collection of 9,985,000 eggs in 1921. The loss was 3.4 per cent. 
Spawn taking began in 1922 on August 11 and ended November 21, 
after 6,195,000 red-salmon eggs had been taken. 

TERRITORIAL HATCHERIES, 

The Alaska Territorial Fish Commission carried on salmon cul- 
ture at Eyak Lake near Cordova and at Auk Lake and Anan Creek 
in southeast Alaska. At Eyak Lake 3,134,000 red-salmon eggs were 
taken, from which 3,078,000 were eyed and planted in the gravel of 
streams tributary to that lake, there being a loss of 56,000 eggs dur- 
ing the period of incubation. Spawn taking began in this field on 
July 6 and was discontinued August 1. At Auk Lake 945,000 red-. 
salmon eggs were collected and transferred to the hatchery at 
Juneau, from which 779,000 fry were produced and distributed in 
streams of the Juneau district. In addition a shipment of 5,098,936 
red-salmon eggs was received from the Federal Bureau of Fisheries 
station at Afognak, from which 4,933,000 fry were hatched. Of this 
number 2,600,000 were planted in Auk Lake and 400.000 on Menden- 
hall Bar. 

The commission operated a humpback-salmon collecting station 
on Anan Creek during July and August and secured a total of 
250,000 eggs. These were transferred to Juneau in a green state 
with a loss of approximately 50 per cent. The 121,000 fry that re- 
sulted were distributed in the Juneau district. 

At the beginning of the year 100,000 coho fingerlings were being 
held in the Juneau hatchery. These were planted during the summer 
in streams and lakes tributary to Gastineau Channel and Lynn 
Canal. 

In addition to its fish-cultural operations the commission continued 
the work of removing obstructions from salmon streams, thus open- 
ing larger areas to the spawning fish. Several streams in the Seward 
and Ketchikan districts were cleared during the year, $3,659.04 being 
expended in this work. 

EGG COLLECTIONS BY WASHINGTON STATE FISHERY AUTHORITIES, 

Early in the season the Washington State Fish Commission ap- 
plied for permission to make collections of humpback-salmon eggs 
in southeast and central Alaska, stating that approximately half 
of them would be planted in the waters of the State of Washington 
and the remainder returned to the streams from which they were 
secured. The bureau took the position that it could not recommend 
the granting of the desired permission even could it be lawfully 
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done, for the reason that the fisheries of the Territory were in a 
precarious state and the export of eggs would add to the already 
existing danger of serious depletion of the streams. 

The bureau’s representative in charge of the southeast district 
reported by telegraph August 14 that a barricade had been placed 
in Anan Creek that was causing the death of thousands of salmon 
and also that preparations were being made to collect 20,000,000 
humpback-salmon eggs for shipment to Puget Sound, with ap- 
parently no preparation to stock Alaskan streams with salmon equal- 
ing the number of eyed eggs to be exported. Instructions were at 
once issued to remove the barricade in Anan Creek, which was 
accordingly done on August 25 without any eggs having been taken. 
On August 15 the bureau’s agent at Cordova reported that over 

10,000,000 humpback-salmon eggs had been collected by repre- 
sentatives of the Washington State Fish Commission at Irish Cove, 
on Fidalgo Bay, Prince William Sound, which probably would be 
a total loss. This was due to the use of water from the vicinity of 
an abandoned copper mine. Instructions were at once issued that 
the eggs on hand be planted and all operations cease. In the mean- 
time the operations of the commission had been moved to the head of 
Whalen Bay, where the water proved to be more suitable for devel- 
opment of the eggs and further large collections had been made. 
An agreement was reached with the Washington State Fish Com- 

mission on August 24 (1) that the operations at Anan Creek should 
cease entirely, (2) that the healthy eggs already secured on Prince 
William Sound should be eyed for shipment but no further collec- 
tions made, and (3) that the expedition would withdraw entirely 
from Alaska. Final reports from the bureau’s representative at 
Cordova, who inspected the shipments, indicated that the total sent 
out in October was 14,571,708 eyed humpback-salmon eggs. 

GENERAL STATISTICS OF THE FISHERIES. 

In 1922 the total investment in the fisheries of Alaska was $54,590,- 
302, or $15,589,206 more than in 1921. The investment in the her- 
ring industry more than doubled that of 1921, and the salmon indus- 
try investment increased more than 25 per cent. Of the total invest- 
ment, $47,509,138, or approximately 87 per cent, was in the salmon 
industry alone. Employment was given to 21,974 persons, or 6,904 
more than in 1921. The total value of the products in 1922 was 
$36,170,948, or $12,084,081 more than in 1921. 

Summary of investments in the Alaska fisheries in 1922. 

Southeast Central Western 
Industries. Alaska. Alaska. Alaska. Total. 

ROEM RE RCIA RT RISART Se Ros cece ews $17, 032, 035 $10, 373, 814 $17, 801, 708 $45, 207, 557 
Saliricnn millenia esos serene AS72025. eee ewe Neale te aes 1, 572, 025 
Salmon: piekinptsseeeeeet sos) Se 123, 779 387, 219 510, 998 
Sabon; Tress a ees. |. a. SEGUE oe Os hes SNe eek EEE a 35, 541 
Salmon by-producis. sees RON aoe oe Oe El acu cc oer oa. 183, 017 
Halibut fishery: seer ee ee! PSSONOIOU |S a Sotatwateeulcsedie GAkad 1, 839, 910 
mierrine fishery. 2 sa ete 872, 550 2, 471, O88 24, 203 3, 367, 841 
ES WC eae oo Bsa be I ot ID SS DR ee fafa SKA ul Cape arse te re A a 778, 376 
SMitimpifishery : :< 3 -:52 --8es. epee Bek es) 5 NG Shes |: tes etek all oh he 163, 111 
MRD ISHOTY. .. oc acc conn ceak sce oe eee tee ee AO ORO samen cie.t St place cme mane e 129, 976 
Mibaleifishery.)-..:.....i.2 2 i ee ee 374, 057 427, 893 801, 950 

Dota AL £6. wsinsbesin Use aw ac eee 21,828,165 | 14,121,114 | 18,641,023 54, 590, 302 
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Summary of persons engaged in the Alaska fisheries in 1922. 

Southeast | Central Western 
Races. Alaska. Alaska. Alaska. Total. 

AWTS, BE ep 1a a ee em Nab Wanle aeh ae l NE  e fae Ge 4,620 8, 423 4, 386 12, 429 
Wahivestss ol istic). Lee gh Te LE 2, 675 1, 147 370 4 192 
HIM ESOmm eee ate aaa Cer toe, Cee os Se ee ee oe 383 313 526 L 222 
Vapanesesteas. Sots AIA AER. ee 482 346 96 *924 
iI OS ee ae-.- toeees elo 4. o Ave wesp td ss ab ow Seeeeeeeers 649 300 575 1, 524 
IMIBSACR TI Gee sae caren cca Aw atone ara mame cle Taee mere ate 70 92 1, 216 i. 378 
Neproess. £62004 bie fh FS SEES ABBR 6 20 126 152 
IMESCElaRCOUS: 2+ lange. ck re len Beeler Be Spy See ws 48 28 77 153 

Totals stice ick eee see se seeds sete sear 8, 933 5, 669 G72 21,974 

Summary of products of the Alaska fisheries in 1922. 

Products. Quantity. Value. 

Salmon: 
Canned) 2. 52. 2 ee dice cise cise ge ee ho cee een oe os cea cases... 4, 501, 652 $29, 787, 193 
IMGT NCU ai eet oe See te ao eer he ee EE ee eee ae pons: ‘ 4, 266, 050 821, 169 
Pickled =: 3.2.13... 40936. eos tees. A ee hate e =the 3, 585, 100 248, 015 
INT OZOM soe Ge nici cep nodes cine e ee ee ee eae ete Cee een ag. a6 3, 849, 153 261, 094 
re@shtt -“i3.4 2k et OO EO SB. SD ee ees doss-% 3, 802, 729 271, 869 
Dried andism oked ao. oon see tsps Beto eis et eee ae GOE< 6 906, 550 148, 464 
Hontilizer s,s Sees ee ere ere eater Tree ee eee dower 774, 000 23, 438 
Oss ceswactcpact. deter qa lest Les Rete. sores gall ons... 12, 989 5, 015 

Herring: 
Hreshi for baits Sirs. fi Se Re CP Se ae pounds... 824, 600 8, 246 
iBrozen ord aite. oss ie eo ee eee ek ey ee ge ee OeLe 2, 664, 015 . 23, 340 
Pickled: Scotch cure! 4+. Se SEM Bea eee PERILS I eG do....| 35,995, 450 2, 030, 975 
Pickled; Norwegian: cube-s-b. uae. erie. teebileesk soils. dos.-t - 237, 850 14, 009 
Dry iSalCed fOr tOGd eae ces pene eee ete Cea ee Oe eee epee (soa ee 240, 000 9, 600 
Rertilizen dit Ot G.I RAGED OE: ee a. do....| 3,292, 000 98, 528 
(OER eee Se PAAR ee oo Perec a.) Namen ta glel Seo gallons... 425, 241 144, 418 

Halibut: 
Mreshi .Ssetiscwecctosg nest izeaeetemg-- esha yee ee aoe ce pounds. . 7, 886, 764 772, 610 
ATOZ OM eee cpa eRe ee ae ale Micka i ne oe eee oie ee ee te ae eae dozer 3, 188, 473 262, 357 

IDrySalted sooo eR oa cena a eee ee cs Se re do. =.- 6, 085, 989 458, 958 
Pickled. 3. fod. ods SSUES Th AAT EE BE SP et eee do: 4... 16, 800 925 
Stocktishy. Coes ee See hep hace oobi See ae te Ales eed ee ete leet dota. 20, 000 3, 000 
Tongues. 2.225.042 eb a4zereeecee sare ete eee et ge: do.. 4 11, 860 1, 186 
Oise Feed ee ee Oe ee See ae Oe ree See a 100 100 

Whale ; 
Oil SF Soke BA ee ae se7- 904, 359 328, 944 
Fertilizer... ce 3, 092, 480 78, 974 
Whalebone. D ae 14, 000 1, 400 
ivory, (teeth) sie sea ea ee hk ce oy ees os poe es igen donne 500 200 

Glamsfi5. 220s ee OS Bg 2 EDR CEPR aot. 32, 290 185, 007 
SHrmM pS 2h ck ee TEN 252 a eee secre Oe eh Oe ee he ee downs 336, 380 126, 690 
Crabs: 

Canned 415.9 423. -es2 W. ., 522 es. es. 35. FLORA See cases... 4,619 46, 231 
Mresh meat. .Jtc.e2 22 tap eae pote. SEE cogs tes te as Re eee pounds... 120 48 
Wholeim: shells tf ae es. pS ON eS Ee We Ae dozen. . 383 1, 100 

Trout: 
aE ES iiereret oo ae mer Saree, See ee, ye momen ste enya en yen eee reer pounds... 64, 727 5, 266 
Cannede.t i052. 523 3 AE ee ee eee Eee cases. 134 648 

SET) eiitsl s RRe Sen eS RDS ee RETR ANA NTE BUY He ERS ie a te RN IES Oe p junds... 49, 167 1, 538 
1) TST a ae Ae A a lel 3 Red a IN ay ene Bes WN ites OR hs SWE ea Gone. 12, 255 367 
ing Cod saat eo Sec Rae a ee siap ee eee > BR ere rs opm 1,327 26 

Totale 32.2 see ee coed va. cewene x Sebel a Seta Aan AL, BENS ee Ea ee See a ara en ae 1 36, 170, 948 

1 These figures represent the value of the manufactured product. It is estimated that the value of the 
catch to the fishermen was approximately $10,000,000. 

SALMON INDUSTRY. 

Among the notable developments of the salmon industry in 1922 
may be mentioned the increased production of canned salmon in 
western Alaska and the surprisingly large run of humpback sal- 
mon in the Ketchikan district of southeast Alaska. ‘The pack in 

a 
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both of these districts again reached normal proportions, and that in 
central Alaska was not far below the average for several years. 
The condition of the salmon fisheries in the northern section of 

southeast Alaska was unsatisfactory, and concern is felt over the 
very evident decline of the salmon runs in that region. Several 
canneries in the affected district were idle during the year, and 
at most of those that did operate much smaller packs were made, 
showing unmistakably that the supply of salmon is depleted. 

SALMON CATCH AND APPARATUS. 

In 1922 there were used in the salmon fisheries of Alaska 160 
beach seines, aggregating 21,905 fathoms, and 289 purse seines, 
aggregating 48,600 fathoms, a total of 449 seines or 70,505 fathoms, 
an increase over 1921 of 236 seines or 35,442 fathoms. Southeast 
Alaska is credited with 308 seines, having a total length of 48,380 
fathoms; central Alaska, with 119 seines, having a total length of 
17,525 fathoms; and western Alaska, with 22 seines, having a total 
length of 4,600 fathoms. 

The gill nets operated in the salmon industry in 1922 total 3,335, 
aggregating 378,440 fathoms of webbing, an increase over 1921 of 
100 nets and 3,120 fathoms. Operators in southeast Alaska used 
270 gill nets, with 28,775 fathoms of webbing; in central Alaska, 
1,010 gill nets, with 71,9380 fathoms; and in western Alaska 2,055 
gill nets, with 277,735 fathoms. 

The total number of traps used in the salmon industry in 1922 
was 111 floating and 265 driven, a total of 376, an increase of 196 
traps over the number in 1921. Southeast Alaska is credited with 
138 driven and 109 floating traps; central Alaska with 118 driven and 
2 floating; and western Alaska with 9 driven. Southeast Alaska is 
eredited with 5,790 lines used in taking salmon and western Alaska 
with 7 salmon wheels. Of the total catch of salmon approximately 
23 per cent were taken in seines, 35 per cent in gill nets, and 41 per 
cent in traps. Less than 1 per cent was taken by all other methods 
combined. 

Percentage of salmon caught in each Alaska district, by principal forms of 
apparatus. 

Southeast Central Western 
Alaska. Alaska. Alaska. 

Apparatus. aap RS 

1921 1922 1921 1922 1921 1922 

Sih. ae es a eee ee eee eee 32 36 25 6 4 
US ee, ee ae eee see ee 5 10 7 90 93 
(oe Ug ee Sato ee ROE EN 56 60 63 65 3 2 

In 1922 the total take of salmon was 72,370,400, as compared with 
37,905,591 in 1921, an increase of 34,464,809, or approximately 91 
per cent. The increase occurred in all three districts of Alaska, that 
of southeast Alaska being 19,202,791, central Alaska 7,683,497, and 
western Alaska 7,578,521. As compared with 1921 the catch in 
Alaska shows that cohos increased 655,889, chums 2,636,982, hump- 

54940°—23—_5 ; 
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backs 23,432,524, and reds 7,795,481. Kings decreased 56,067. The 
number of humpbacks taken in 1922 was an increase of approxi- 
mately 327 per cent over the take of 1921. 

Salmon taken in 1922, by apparatus and species, for each geographic section of 
Alaska. 

é Southeast Central Western 
Apparatus and species. iach Nea Alaska. Total. 

Seines: 
@onovor silvers. 2s. ssccee es eee eee eee 336, 201 OUTS Si et lesee ae 427,549 
@hum* or ketas 2... chat P scnee kee 2, 278, 660 164, 831 5, 166 2, 448, 657 
Humpback: or pink-: 2 tes Bee 7, 835, 208 25880,490'|2.. Scccen wee os 10, 715, 698 
Mane OF Springe.- 5 52ic.. Slee essences 2,705 2, 963 2,386 8, 054 
OGM ON SOCKE VG? settee a connec came seme 614, 478 ib 286) 944 1, 029; 674 25931, 096 

MGt Al te. oc ba esoe Wea ae ssa aes eke 11, 067, 252 4, 426, 576 1, 037, 226 16, 531, 054 

Gill nets: 
WOHOSOLSIVEr ss. tenets coe acs fo see ae ae 122,870 6, 303 163, 131 292, 304 
Cham sor ketart tees ses sass ee ee 49, 169 |. 3, 357 614, 882 667, 408 
Humpback, OF pink ees east oes noes 38, 972 148, 250 220, 288 407, 510 
Kings opspringss > .-o oe ee: eee 73, 884 23, 151 89, 863 186, 898 
Reds Or SOckGy Oe o aos acatocuc tee ene ce enee 316, 109 826, 198 22,918, 065 24, 060, 372 

Totalecte tS! SATE See ee ree as ae dee 601, 004 1, 007, 259 24, 006, 229 25, 614, 492 

Traps: eer 
CohoxOnSil Ver: «cscs entero ae ceaeaeencees 679, 586 2690 75a See. se Seese ees 948, 661 
CHIMUR Kethe- ee eee ere eee ee 1 398, 044 700, 641 39, 040 2, 137, 725 
Humpback, OF pink 720 sleet tee eS 15, 649, 373 3, 747, 254 69, 507 19, 466, 134 
KANE OMSPTIN Sa50 ance nae hea a cate toe 32, 223 26, 522 9, 160 67, 905 
Red,OMmeockeye. 2) 522sect saeco seco ones 952, 295 5, 435, 516 519, 493 6, 907, 304 

OUR e eto sedce ce arse eee eae 18, 711, 521 10, 179, 008 637, 200 29, 527,729 

Lines: 
Coho; or Silver: i352. S52 ss. 2s ee 1685580! 355 ese oasle. Sees eee 168, 580 
Chum: joriketa-..¢ isnot eke sck Shee sch ae eee OSH ee 28s o fos eed anc ae seeeeeees 93 
King or spring. .225 2 2252 ies Senses ose 506; 8525/1555. Soa Ee Ce. ages 506, 852 

OCMC coed relscce wecteeplac cine ce emcee: Ga sb2on eect e eee eas Soe eee 675, 525 

Wheels: 
Coho; or silveriig 2... o 552s Sob sc eehe ac sgead| Cheese stacdee scenes cme s 1,000 1,009 
Chun yOr Keta sana see Sank Sees ae soe nll a aie Sacer eee 20, 000 20, 000 
UTI O’ (OEES DPI Pate aim tale Gani o niaieiere sreiieeen ines] tetera tee nisieie eo = a cine eerie 600 600 

JOE BEA aececeoenr c Soe BEDS See ace. Sesenaeed pacudeadee sea besescosbeecke 21, 600 21,600 

Total: : 
Conor orsilversic.ceesccecesee see ee ceeeae 1, 307, 237 366, 726 164, 131 1, 838, 094 
Chumt, or ketarce sis So sc setee es se ees 3, 725, 966 868, 829 679, 088 5, 273, 883 
Humipbaek,. or pitik: . 2.0 --S-32-becne --sse 23, 523, 553 6, 775, 994 289, 795 30, 589) 342 
KIN eS SOMSPrin eo eee eee tee eceeeeece ese 615, 664 52, 636 102, 009 "770, 309 
Gd OriSOCKCVOs sce nee anne eeeeeeeas 1, 882, 882 as 548, 658 24, 467, 232 33, 898, 772 

Crandttotsl tests ceee eae eee eee 31, 055, 302 15, 612, 843 25, 702, 255 72, 370, 400 

SALMON CANNING. 

CHANGES IN CANNERIES. 

The year was marked by a number of changes in the ownership 
and operation of canneries and also by the opening of new plants. 
In southeast Alaska a company, known as the Alaska Consolidated 
Canneries, was organized to operate the Tee Harbor, Chomley, and 
Yes Bay canneries of the Alaska Pacific Fisheries, the Quadra and 
Rose Inlet canneries of the Southern Alaska Canning Co., andthe 
Tenakee cannery of the Columbia Salmon Co. The A. & P. Prod- 
ucts Corporation leased the Ford Arm cannery of the Deep Sea 
Salmon Co. and the Heceta Island cannery of Swift-Arthur-Crosby 



ALASKA FISHERY AND FUR-SEAL INDUSTRIES, 1922, 65 

Co. The J. D. Roop Co. operated the plant of the Standard Salmon 
Packers (Inc.) at Tenakee; A. P. Wolf & Co. leased the plant of the 
Sitka Packing ‘Co. at Sitka; and the Mitkof Island Packing Co. 
continued to operate the Petersburg cannery of the Petersburg Pack- 
ing Corporation. The Noyes Island Packing Co. was reorganized 
as the Steamboat Bay Packing Co. The Stuart Packing Corpora- 
tion became the owner of the floating cannery of the Mutual Pack- 
ing Co. The Sea-Coast Packing Co. purchased the Craig cannery 
of the Columbia Salmon Co. 

In central Alaska the Emel Packing Co. operated the Valdez Pack- 
ing Co.’s cannery at Valdez, the Star Canning Co. took over the 
floating cannery of the Hayes-Graham Fish Co., the cannery of the 
Hillery-Scott Co. at Cordova was transferred to the Cordova Pack- 
ing Co., and the Snug Harbor cannery of the Surf Packing Co. was 
operated by the Polar Fisheries Co. The Cordova cannery of the 
Pioneer Packing’ Co. is now listed under the name of the Pioneer 
Sea Foods Co., and the Seldovia Canning Co. was succeeded by the 
Seldovia Packing Co. For operating purposes the Carlisle Packing 
Co. and the Canoe Pass Packing Co. consolidated and used the Cor- 
dova plant of the former. 

In western Alaska the floating plant of the Carlisle Packing Co., 
previously operated at Kwiguk Slough at the mouth of the Yukon 
River, was moved to Koggiung River, on Bristol Bay. 

NEW CANNERIES. 

Fifteen new or heretofore unlisted canneries were operated in 
Alaska in 1922. Of these six were located in southeast Alaska, as 
follows: A. & P. Products Corporation, at Hidden Inlet on the 
site formerly occupied by the cannery of the Hidden Inlet Canning 
Co.; Big Harbor Packing Co., at Craig; Ness Fish Co., at Peters- 
burg; Red Salmon Packers Association, floating cannery Retriever, 
at Dry Bay and later at Ketchikan; R. J. Peratovich, at Bay View; 
and the Dobbins Packing Co., a floating plant at Petersburg for sal- 
mon and crabs. 

Central Alaska is credited with six new canneries, located as fol- 
lows: Anchorage Packing Co., at Anchorage; Kamishak Canning 
Co., at Kamishak Bay; Kodiak Island Fishing and Packing Co., at 
Seward; North Coast Packing Co., at Ninilchik; Robinson Packing 
Corporation, floating cannery Azalea, at Zachar Bay; and Hopp 
& Danielsen, at Uganik Bay. 

One new cannery was opened in western Alaska at Ugashik River 
by the International Packing Co., which operated the motor ship 
Santa Flavia as a floating plant. After the close of the season on 
Bristol Bay this cannery was moved to Uyak to pack humpback 
salmon. W. F. O’Connor and Charles Homeier put up small packs 
of canned salmon on the Yukon River for local use; their plants have 
not been listed heretofore. 

CANNERIES NOT OPERATED. 

Forty-six canneries were closed during the season, of which three 
are probably permanently out of business—the F. H. Madden can- 
nery at Abercrombie abandoned by reason of the enforcement of 
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regulations for the protection of the Copper River salmon run, the 
Ketchikan Packing Company’s cannery sold under bankruptcy pro- 
ceedings, and the small plant of E. R. Strand, near Petersburg. 
Including these three, the list is as follows: 

Admiralty Backing (Coli aae*s | ieee eat ug Pybus Bay. 
Ajaska Sanitary Packing Cos) _~."s . 229 Cape Fanshaw. 
Alaska Salmon & Herring Packers____-___________. Tyee. 
Alaska Wnion Fisheries (Inc.) 22 222- — Port Conclusion. 
American -Packin's 'Coelis fs Oe aa Ree Juneau. 
Astoria & Puget Sound Canning Co______________ _. Excursion Inlet. 
BaTAnoOt Packin 2 Cosas. sty oe eet Re Pn eee Red Bluff Bay. 
Cape Fanshaw Fish & Packing Co___________-___ _. Cape Fanshaw. 
Sonn: Cartons GC eee ee eee eee ae ee Auk Bay. 
Chilkat'Packine:CoM. Bok DES esse Haines. 
CanoetRass Packing (Consent it she oe Shepard Point. 
Central, AvaskaMisheries £2 = +4. sian ey Drier Bay. 

Hidalgovisland’Packine (Cosme - kes sear aera { ee kage 

HoodvVBay WackineAC ous). ste eee ies EE eee Hood Bay. 
HMoonahvPacking; Coe 3. ir pe De eee eae ree Gambier Bay. 
Karheeny Racking; C0222 ~ sec2s oe Spel Tie eee eel Karheen. 
Ketehikan Packing, Coe 2222 22. eve Ketchikan. 
Kenai Packing) C0. 22 a eee eee See _ Drier Bay. 
Kine Salmon Wisheries C0222. 352 See eee Unakwik Inlet. 
Tabbye MeNeillt Ga ib by 223 a er ss ES ees Lockanok. 
Cut s EIGN [106 (0 (9 0 eee ee a ee Oe Ro SAP eae NE Abercrombie. 
Marathon Fishing & Packing Co__=-.-____+____-=_ Cape Fanshaw. 
MidnishtySun: Packing (Cos 202. el an Kotzebue Sound. 
Nelson: Lazoon) Packins Co = eee ~ Nelson Lagoon. 
Northern Packing Com. ewe ean Juneau. 

Dundas Bay. 
Hunter Bay. 
Kenai. 
Orca. 

Northwestern’ fisheries’ Cols 2) 22 eee Quadra. 
Roe Point. 
Santa Ana. 
Seldovia, 
Shakan. 

PacifictAmerican’ Bisheries= 4 eee Excursion Inlet. 
PavlofHarber? Packing (CoS e  ee Pavlof Harbor. 
Petersburg Packing Corporation__———-=—-2 === == Washington Bay. 
Phoenix Parking: COs ssa. 22s ee Herendeen Bay. 
Point. Warde: backing (Coss. sae ee ee Point Warde. 
RevillawPackine* Conte eis tee ee — Ketchikan. ~ 
San Juan bishiner & Packing Comeies ReneS Seward. 
SouthernsAlaska: Canning (Col... 2 oe eee Big Port Walter. 
PR Strand 68 ee Se ee ee eae Wrangell Narrows. 
Todd Packing Coz... 2st ae ee eee Todd. zi 
G W.:. Hume :Co_- 2 se ae eee eee Union Bay. 

TOTAL CANNERIES OPERATED. 

In 1922 there were 123 canneries operated in Alaska, of which 
57 were located in southeast Alaska, 86 in central Alaska, and 30 
in western Alaska. This is an increase of 40 over the number 
operated in 1921. 

: h 
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Companies canning salmon in Alaska, number and location of canneries 
operated, and number of pound nets owned by each, 1922. 

[New canneries indicated by (*).] 

Canneries. Pound nets. 

Company. 

Number. Location. Driven.| Floating. | Total. 

Southeast Alaska: 
GhomleyAsos-mc-eea= =e 3 4 7 
Mengkeese seaese nae Seni 2 2 4 

Alaska Consolidated Canneries.....-- 6 Se ae Gaia ageee sates i g ; 
Nee larbor. ntti so sce a 2 4 6 
Veo Baya ieee. aaacents 3 4 7 

Alaska Fish Co.....-.- pose ben sSeae = = DO Wwaterfallee: Seema cs ener 1 1 2 
Alaska Herring & Sardine Co..-..---- 1 Ept Wialtereean= ere 2 9 ll 

Alaska Packers Association........... Berane inst seen Selionisivg 
MordyArnMs: cots. opie Sereda 5 5 

A. & P. Products Corporation ......-- 3 |; Heceta Island---.---.---|.- 2... 5 5 
Hidden Inlet * .........- 2 oy) 4 

Alaska Sanitary Packing Co........-. rswrangelld.. 22-527 0c522 see 2 2 
Annette Island Packing Co......----- Ag Me taka tla ocecn emcee amiss let oe fee ee eee eee se 
Auk Bay Salmon Canning Co.......-- iP) Ns Wee Npeteegasccdsese 1 3 
RONG 0b aLDes WOM. sencscee~ cece ase Mi ake Bayi < 2a anen == 1 1 
Beauclaire Packing Co.......-.---.--- it PEOCLsBeanClenC. ©2-2.-> | -i-ees| hoes ae eee ee 
Beegle Packing Co....... 1| Ketchikan..... -<= 2y eaishatets 2 
Big Harbor Packing Co.... 1 Oe SSE See esecacaee Seeceicnd BeBe ee eos kn 8 
Burnett Inlet Packing Co...... BS ipeurnert inlets 22st \o ns) = ces cnias 3 3 
Deep Sea Salmon Co.....-...-.------- diPpRort AlthoOrp esa. S208. |seceus oe 13 13 
Noppins Packing Cos.s...-- 222 ease - Lipbetersburg (floating) 52) onc. 3. inetd ok 
Douglas Island Packing Co....-...-..- AM EDouplass sp... ssa ates Seam ae eau melee mee oe 
Fidalgo Island Packing Co..........-. A Pie tehi kan (2 ni. oseema SHR ie Se 8 
George Inlet Packing Co............-- ti) George Inlet... ..-. 22-55 Pid (eee Sak 2 
fwaines Packing Co... 2.2.2.2 .2505<ce-- diirisetinkot Cove:seasee =. s-| seen ak oe ee oe ee ers 
PNET ATTIS tC OS we case ccieccceenacee IS) Hawk Iniet.........-5.-.: 3 6 9 
Hen backing COL... onssed~csscaueer 1, Coppermount..c2 52.2. ape sence ae seu ee eal eet ee 
Hidden Inlet Canning Co............. UG FROOR DAY cc wetcces loca ce| a -naece | Meet Boeing Be es 
Hannay Packing Co. .....2--..--=2280¢ id) Heonah- 2: 5052 asasce8-02 21 4 25 
eeeWe Elnme COW... 52 - oasc0- 5-5 ateoe il Seow (Bays - <2 scceecaace yA at 2 

* : 2 Libby, McNeill & Libby......-....-. 71 os aol or aia ol ee 2 
Mitkof Island Packing Co.......-..... ab Petersbune.. cess cee a. 6 4 10 
Mount Baker Packing Co............. laiRedsBluth Bay: 2a. stoc'. |S Sees ee ee ee ee ge 
Mountain Point Packing Co.......... 1 | Wrangell Narrows...... DS etan BF © vee 
Geerge T. Myers & Co.-..........-..: Dp Chathani oe ceeeccesss 4 4 8 
Wessilisht Coie = = 2s~sentie womens aes Ae CORES DUNE 5 ras aoe sas cto oe bk ee cere 
North Pacific Trading & Packing Co.. MM Claw aloe. << cnc safen can oe 1 2 3 
Northwestern Fisheries Co............ DRE hae ee 8 2 10 
Red Salmon Packers Association. . ... BBE CHO Sbin orb es sk ease ee eee Fee Pree A 

Pure Food WishiCo.... i225 <...-s¢-sn2e an Wetchikana. -.2Accceee% Zi siege eR 2 
Pyramid Packias: Coz... .. 235428206 1 GSitn eee ey Sas ok eee Dee: 2 2 
eid s Se PU DLOWICH: Sey. Seno on's = SOS DBA yaVview: hasce ss seeks s | Eaee e eee hecaees 
de DO R@OD CUn nse sc saasaeee sone s see Wiehemakee-2... cee sean 2 2 4 
Sea-Coast Packing Co................- Sf Cralets ee cctcseces cocet. 1 1 2 
Sanborm Cutting Co.................. 1 | LES Roche pecooc anes Saeeesne 4 4 
Te Te SMB y: Oe COS o = Sos coc nse wee Al lketchikand s. 6.2.22 5 < 3 2 5 
Starr-Collinson Packing Co........... d})) Moira SOUBGL =. eee oreelaeaaeeee 2 2 
Stuart Packing Corporation........... Ai ketehikan (floating) - 22.102 28275). ee lee ee 
Steamboat Bay Packing Co........... LN Oves Islam 22uc ress ea SEE Saal RE PR eae 
Sunny Point Packing Co............. 1 | Ketchikan. .......22... Bi aero ee 5 
Thlinket Packing Corporation........ i phonterBaysis!: 2a eae 4 6 10 
The Trading Union, Imc.............. 1. i, Betersbure.. .5556.8..2 
Ward’s Cove Packing Co............. Di Ward! Cove::s 2225 te 
a eel: Co 3.5. .5c2.02. 2 Em fi fe) Sitka. -cetei ele eas 

Central Alaska: 
aru ccteeccecneeee Le 

Bass 1): ae Alaska Packers Association........... 4 Larsen Baye ee 

ASUGM Ere tals ers 4 
Alaska Sea Food Co.................- 1] Point Whitshed.. 
Alitak Packing Co............. 1 | Lazy Bay.22:.. 
Anchorage Packing Co..... 1] Anchorage *... 
Arctic Packing Co............. 1| English Bay.. 
Bainbridge Fisheries Co......... 1} Evans Island 
Carlisle-Canoe Pass Packing Co At RC ORG ONAas amen easceeeeee. pees nee 
Columbia River Packers’ Association. fe Ctomike coe eee). wa 
Cordeva Packing Co. ................. TD) ORM ON Sa ieee oe ee loan eeluee eee a eyes 
Copper River Packing Co............. 1] McClure Bay............ Of | hae 5 See g 2 
Hanel Packing Co. <: 2-54 23 22 Lil) Walder epee oe ay 3 1 yl RE Re 1 
Eyak River Packing Co.............. DISH yakehivoerss sotec. 5. (ase eS. Se OR ee 
Fidalgo Island Packing Co............ 1} Port Graham............ ib ener 12 
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Companies canning salmon in Alaska, number and location of canneries 
operated, and number of pound nets owned by each, 1922—Continued. 

Canneries. Pound nets. 

Company 

Number. Location. Driven.} Floating.| Total. 

Central Alaska—Continued. 
PAP oe arris QACO-.-- -psosbeccseoeeee 1| Isanotski Strait......... Oe ae ee t 
Moonah Packing Cot. serene cesacoene 1), Bering River: setoosece ee cce al See a See 
Hopp and Danielsen-o0 252. h22s2252e8 Tus Uiganik’ Bay Se eae seer bese coe ec eem nie | Seki n ae = 
Radiak Hisheries Co. ososo522 soecccne 14 Kodiak: .(.2.222osesenter 1 eee os 1 
Kamishak Canning Co_-..2....-.---.- a ikem shia Bary; eee a eo || 
Keaitimai ‘Packing’ Cos.. casas eee a (Uzink’d oh cceus setae cccltcc nee ce los cen ee ee pean 
seodale Island Fishing and Packing Ts} (Seward *.2 soo. oacweee eal aeee ec leeoe aeons eaeeeeee 

0. 
Libby, McNeill & Libby............. 1} Kenai River............ AG paste He 16 
Moore Packine Cor. osc ssnssssancene 1}, Orca Inlet. -- 52: 52222 222 fo eesaeoasee 1 

Northwestern Fisheries Co...........- 2 aaa SS SESS Te hee 3 /--6----+-- 3 

North Coast Packing Co............-- 1 a eee Sao ci Pa WPS Ee, 2 
F - z 5 katan Le sessco eee Silgeere ees 8 

Pacific American Fisheries...........- 2 Kine Woves: 220-02 a Pal ke peta ice 9 

Pioneer Sea Foods Co...........-.22-- I") \Cordova.-Seexteesssse eee Pl eae ae 2 
Polar-Wisheries'Co. + {2- o sess ee! ie) Snug Harborssssssoce 22 a eoet ae ass 3 4 
Robinson Packing Corporation ....._. 14 @Hloatin s) is .25 nsc sb ache SE et I ok 5 cc's 
Seldovia Packing’Co.....-.......-.-.. Mi Seldovia -acasesecce case 7 PEM ae 2 
Shumagin Packing Co................ 1) Squaw Harbors.2.42--3. erase at gas 4 
Star Canning’ @os.. 2 sees a ee qe CElogting yess sees se sass leew toeee eee eae ee ee 

Western Alaska: é 
Kyvichak Riveri(2)s 5. Mabe eeeee | er) ahead re 
Naknek River (3): = Sys. 3. ee ee es eee 

Alaska Packers Association........... @ 1} Nushagak-River (2) i525 2) 2 ee eee ee tet 
Beogik Rivers 2. -asc. col Ae ee Bs ee oe 
Deesils RAVER 2.55250 alee ee ee ee 

Ease «gs Naknek. icsss soca ccc cce ccna |S eee eee see 
Alaska-Portland Packers’ Association. 2 \Neciecie A watas Gate wel rs eats eer 3 

Alaska’ Salmon Cos 32. -s222s25enee0 T]) Wiood Rivere cis Sci 258 ene (See ee clbwee acne 
Bristol Bay Packing Co....-.........- 1:| Kogeiing. ss cse2-2c6eee Soe eee eon eben Peisc cae 
Carlisle Packing Co: . 2.5 22:5+25522522 J}. Kogeriunge River:.52.5s0s eee bocete coer sosmcene 
Columbia River Packers’ Association. 1 INushavak. Bay ..23 Sars eee A eh eee et oo os 
Everett. Packing: Cow 249.2 22255252 223) 1|, Hlerendeen -Bay 22 sed 2|Soaasal: bee eecs cleseeeece 
Charles) Homeier2 se s- ance 12 Mountain Village 2 Socio eos se oes oe 
International Packing Co............. AMO eashuks(oating)) ee ssl. oacceleccenen sol eseesee 

1D Sel Sig ea yoy years ON fe CoP or BE ORM ek SE 
: RIO P SHUN an Spee Ss etbg es Me ee eee oe cae ee rere 

Libby, McNeill & Libby............- SA uibby villes.ccesss asc ce eee se ee ca eek seme 
INusha ea. . Sb iteces< oka ime een leee cos eetnebeces 
IBeesik Riveraisoes) ase cleo sae eee te alee tee cine 

Naknek Packing: Coins scccsesee se 1 pe nnek ae eS FS LE ee ee aes 
: . aknok IRIVOLE Ss act gf a ee eee ors re 

Northwestern Fisheries Co............ 2 Nushaeak.... ig Ukee cole seeeenlE Gace loner * 

Wirt. .O’ Connors 2: seeps sencee eee ee ds) tAndreatsky *tosn22e = oe eeceenes bere. soaee reaeeese 
Pacific American Fisheries............ 1 ae Moller Se ne in ae Ole See 6 

. aknek Riverine ccs ccaleees eee eee cea ee tae sae Red Salmon Canning Co.............- 2 Uvashik River. ...-. | ts eden eo oe 

LOSSES AND DISASTERS. 

The loss of property and apparatus in the salmon industry in 
1922 totaled $253,470, the most important item being the Alaska- 
Portland Packers’ Association’s bark Berlin (1,416 tons), valued at 
$114,768, which went ashore at Egegik Flats May 17. There were 
no lives lost. In the whole of Alaska 10 people were killed in this 
industry, 4 of whom were drowned. Of the total number 4 were 
fishermen, 1 was a transporter, and 5 were shoresmen. 

STATISTICS. 

In 1922, 123 canneries were operated in Alaska, as compared with 
83 in 1921. These represented an active investment of $45,207,557, 
or $11,961,265 more than in 1921. The increase by districts was: 
Southeast Alaska, $8,394,097; central Alaska, $2,766,989; and west- 
ern Alaska, $800,179. simployment was given to 17,697 persons, or 

| 
| 
| 
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4,711 more than in 1921. The increase in numbers was: Whites 
2,234, natives 1,174, Chinese 332, Japanese 275, Filipinos 563, Mexi- 
cans 5, Negroes 44, and miscellaneous 84. 
A total of 4,501,652 cases of salmon was packed in 1922, valued at 

$29,787,193. This is an increase over the 1921 pack of 1,904,826 
cases, or approximately 73 per cent, and of $10,154,449, or approxi- 
mately 52 per cent. This increase was largely due to the increased 
run of humpbacks, which produced 1,658,423 cases, having a value 
of $7,189,494, as compared with 428, ‘984. cases in 1921, valued at 
$1,7 88 78. Other species increased as follows: Cohos from 106,555 
to 175 993 cases, es from 255,495 to 565,918 cases, and reds 
from 1,765,798 to 2,070,658 cases. Kings decreased from 44,994 to 
30,660 cases. By districts, southeast Alaska increased from 803 OTL 
to 2 018,743 cases, central Alaska from 643,099 to 988,143 cases, and 
western Alaska from 1,150,656 to 1,494, 766 cases. In southeast 
Alaska the increase was 1,2 15 672 cases, or approximately 151 per 
cent. 

Investment in the Alaska salmon-canning industry in 1922. 

Items. Southeast Alaska. Central Alaska. Western Alaska. Total. 

Num- Num- Num- Num- 
ber. Value. ber. Value. ber. Value. ber. Value. 

Canneries operated... 57 | $5, 183, 390 36 | $2,815,986 30 | $5,335, 954 123 | $13,335,330 
Working capital......|......-.. 5; 680677 [5225 econ 3, 148, 248 |......-- 4, 252, 1G sR eS 13, 081, 088 
Wires paid eee ot. |b 228 So 2; 3195459) | oo ccceas 15866; S84) fe dooic Ss SAOMISE S| eee * 8, 035, 224 
Vessels: 

Power, over 5 
(yi ee etd 202 | 1,457,616 88 799, 385 79 | 1,526, 263 369 3,783, 264 

Net tonnage .| 4,108 |............ SALMO as Sa acers sae OF 590. Sas 282525 o53 1 Lal rE oe 
Sait ees a 1 45, 000 7 360,000 31 | 1,148,740 39 | 1,553,740 

Net tonnage..| 1,974 |............ 10,900) We eee c accu AS, DON os a oto teniaae 61,435) arene Soe 
Warpesees- 2. see. 3 Ss | en eeee= acmeseoosess [saacsdeel KESsobsecae 3 71, 871 

eboHmAre.| U2 jdlOul oma - amen n| Seka reae | ose ne ee ome en eal Obs setiscs CCEA | oer se A 
Launches, under 
tonnage ee as 66 68, 063 145 179, 169 57 143, 189 268 390, 421 

Boats, row and 
Car Re a en GM 778 188, 077 709 102,415 | 1,265 505,108 | 2,752 795, 600 

Lighters, scows 
and houseboats. 320 307, 834 168 188, 181 186 477, 874 674 973, 889 

Pile drivers and 
pile pullers. .... 49 336, 236 34 157, 835 23 51,765 106 545, 836 

Apparatus: 
Beach seines..... 52 37,210 97 38, 226 4 1,500 153 76, 936 

Fathoms..... 65840 Ie ose seccaan 1 TOS | aera See ae 400: |e s-Serers PA Ae CA (eee ee ee 
Purse seines 255 154, 580 16 13, 250 17 27,700 288 195, 530 

Fathoms..... ALZASO SSS ccee ee Deo leesee seer e SO cee ectns ea 48. 5ibu Ss - Sa ee 
Gill nets 263 24, 493 989 93, 418 1,937 446, 871 3, 189 564, 782 

Fathoms..... 7 eh 3 VA7 ad | Seager ap GOSBRON hose sec oes 267, Bei eo" eee oe 364, OAD: sieer ee. 
Pound nets, driven -. 137 855, 556 113 608, 317 9 35, 000 "959 1, 498, 873 
Pound nets, floating... 109 301) 973 2 2, SOON Baa coeiee| seem ees. cee ill 304, 773 
yy GIS s Se rs ee ales Pees =p ot ee ee ee Se ee a 2 400 2 400 

LG, | el [age es 17032000) tapesee 5 10,373, 814 |2.25..-. 47-804 708) |o- eee 45, 207, 557 
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Persons engaged in the Alaska salmon-canning industry in 1922. 

Southeast Central Western 
Occupation and race. Alaska. Alaska. Alaska. Total. 

Fishermen: E 
WHITES Panter ncnctice ie jaecie cmeisinae cite sain meaeeeel= 930 994 2,365 4, 289 
INGE VES ARE b ects ines in tein iee = seit nletatatelastaretsttm tat 1,044 401 66 1,511 
UG TOgIRVETE EIS Jeno etaee canon seo SU SELSooasescaacsto|eHooSiGassoc IL Al apiaeatst~ aes 1 
Miscellaneous2s s3u. oes cape eee ee ena esac 18 Steer aasecn es 26 

STAY 3p hh la eee ete Ao Nhe cyt 1, 992 1, 404 2, 431 5, 827 

Shoresmen: 
bWihhifesteset Sy Soa astasc: toate cee rece cee = gece se 1, 232 912 1,511 3, 655 
INGHIV CSS aca ia Sk eRe ee ee Ee ee ee 1, 260 639 219 2,118 
CHINESE ee nas some toe c ete acne eer cet ac kena e seine 380 313 526 1, 219 
SR PATESe See TENE e 2 PSS Oe ae SMELL Pe cls eee 444 345 96 885 
MIPIM OS ses sae ge soe oe WOR Aa Binet AE Ue eres 4 645 300 575 1,520 
IWGXICATISHEE sae Se eee aimee alot onicen ce tec aca naee 67 92 1, 203 1,362 
INGsr oes). 1 22 Eee Ce he ae 73s oe es 6 20 121 147 
MISCENI ATI CONS ase cen Saisie qaseee ck einia'e sie cicioe Senet 5 19 77 101 

ROU A seo wae atas mai ieee cine inn opie an eine eioates aoeer 4, 039 2,640 4,328 11, 007 

Transporters: 
AVALIDE eels mere. avarcicreimre eae estnie cjnia ota cieiajerste merece eae 356 215 229 800 
INiabives Beet > sue seete se cee 4e Sat ee eee a 17 24 1 42 
INGET OES Syate he See. ea sa den ee cnosoacee een eee ees i ee PE ee 5 5 
Miscellaneous tiga ..tecsee sea sne Sena - eee semen 15) 1 | Be ese ait 16 

Motalyee tesa clae aes o oesiee ss Se sido se meet eeers 388 240 235 863 

Total: ' 
NILES 5 sere ane HASBESEE BE Sa SSE REISE SeaUS ooee bane on 2,518 2,121 4,105 8, 744 
INGEIVOS = sit a tayeayna)a = rnieee SEE olaeael= lone ee 2,321 1,064 286 3, 671 
CRINCS 6 5-55 30:0.4 yn] asses oinlos 5 Sena ton SSR eee 380 313 526 1,219 
Japanese 444 346 96 886 
RAN PUOS 2 oe.aie cele ois atale's baie Feecsiser nls mae ee eo eeeee 645 300 575 1,520 
Mexicans 67 92 1, 203 1,362 
Negroes 6 20 126 152 
Miscellaneous tse oes. sc Sosscrnete ona cmene bee ate 38 28 77 143 

Grand total es.9- 25 5-Saeee dasa aoe 6, 419 4, 284 6, 994 17, 697 

1 Koreans, Porto Ricans, Kanakas, ete. 

Output and value of canned salmon in Alaska in 1922.* 

Product. Southeast Alaska. | Central Alaska. Western Alaska. Total 

Coho, or silver: Cases. Value. Cases. Value. Cases Value Cases. Value. 
3-pound flat...... 20,013 | $151, 666 DROIAL STA OSOM meee re | ta seeeceor 22,237 | $168, 705 
1-pound flat...... 10,773 | 63,515] 1,291 8, 005 35 $166 | 12,099 71, 686 
1-pound tall...... 91, 861 462, 365 | 36,919 192) 234 12, 877 67,800 | 141,657 722, 399 . 

Total........ ---|_122, 647 |_677, 546 | _40, 434 | 217,278 | 12,912 | __67, 966 |_175,998 | __962, 790 
Chum, or keta 

4-pound flat...... 3, 698 F228 emcee dewalae was eipek|a sche meee tomromctreak se 3, 698 21, 228 
1-pound flat...... 6) 1855 ME O54603, | oe Salen 2 xe |S RNY Sil Sates ee AY ere Se ee 6, 185 25, 693 
1-pound tall...... 414, 383 |1,640,135 | 91,239 | 362, 440 50, 413 202,044 | 556,035 | 2, 204, 619 

Totaless.. cet 424, 266 |1, 687,056 | 91,239 | 362, 440 50, 413 202,044 | 565,918 | 2,251,540 

Humpback, or pink: 
3-pound flat...... 308725:.| 91972053, |POIDS 0114) 752 7451 | eae ene nal oee ese ----| 42,736 | 273, 698 
i-pound flat ...... 98,148 | 134- 988 | (Moral NOL iapae i ce end inn eee 30,879 | 147,923 
1-pound tall......|1, 273,679 |5, 461,536 | 298,226 |1, 251,399 | 12, 903 54, 938 |1, 584, 808 | 6, 767, 873 

Rotalie. cs e.ee 1, 332, 552 |5, 793, 757 | 312,968 |1,340,799 | 12, 903 54, 938 |1, 658, 423 | 7, 189, 494 
King, or spring: 

A-pound flat...... 2,695 | 30,640} 1,022] 13,341 53 742 3,770 44, 723 
1-pound flat...... 1,735 | 15,209! 2,067] 20,538 165 2, 002 3, 967 37, 749 
1-pound tall...... 1,703 | 11,448| 7,076] 53,168} 14,144| 100,585] 22,923) 165,201 

Motalsesc Secs. 6, 133 57, 297 10, 165 87, 047 14, 362 103, 329 30, 660 247, 673 

Red, or sockeye: Peale Ca ee Lael De ES PUR OC ENE > Gels 
4-pound flat...... 57,783 | 779,582 | 89,603 |1, 257,544 24, 510 384,901 | 171,896 | 2, 422, 027 
1-pound flat...... 17, 579 171, 509 59, 799 614, 403 44, 071 437, 530 121, 449 | 1,223,442 
1-pound tall...... 57,783 | 530,278 383, 935 |3, 447, 679 |1, 335, 595 |11 512, 270 j1, 777, 313 15, 490, 227 

Total -..-s0aecs 133, 145 |1, 481, 369 | 533, 337 15,319, 626 |1, 404, 176 |12, 334, 701 |2, 070, 658 |19, 135, 696 

4, 501, 652 |29, 787, 193 Grand total... .|2, 018, 743 |9, 697, 025 | 988, 143 |7, 327, 190 |1, 494, 766 |12, 762, 978 

1 Cases containing one-half-pound cans have been reduced one-half in number, and thus, for the purpose 
of affording fair comparison, all are put upon the basis of 48 one-pound cans per case. 

OL 

— a a 
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Output of canned salmon in Alaska, 1916 to 1922. 

Product. 1916 1917 1918 1919 1920 1921 1922 Total. 

Coho, or silver: Cases. Cases. Cases. Cases. Cases. Cases. Cases. Cases. 
¢P ound flat...... 13, 145 30, 412 26, 238 9,719 8,915 4, 084 22, 237. 114, 750 
Tonnd Matis... 8,191 362 12, 786 10, 438 10, 746 7,918 12, 099 62, 540 
1-pound tall...... 240, 573 162, 457 179, 934 212, 713 172, 424 94, 553 141) 657 | 1,204,311 

POD ce acta nose 261,909 193, 231 218,958 | 232,870 | 192,085 | 106,555 | 175,993 | 1,381,601 

Chum, or keta: 
pound flat. ..... 1,423 a od 3, 559 3,981 53 608 3, 698 40, 082 
some ibe ee a 530 2 tod pears sees 46, 167 | esse anes 6, 185 57, 878 
1-pound tall...... 722, 692 977° 457 tl 358, 405 {1,361,582 | 987,297} 254,887 556, 035 | 6, 118” 365 

Totalivc-sse.6ee 724,115 | 906,747 |1, 364,960 |1, 365, 563 |1,033,517 | 255,495 | 565,918 | 6,216,315 
ge pe | ————— 

Humpback, or pink: 
ies it ee ee 41,491 91, 403 63, 557 28, 185 18,970 1, 292 42,736 287, 634 
1-pound flat. ..... 14,796 6, 014 20, 215 7, 553 76, (5 (ll aes 30, 879 155, 474 
1-pound tall...... 1,681, 506 |2,199, 559 |2, 355,182 |1, 575, 870 1, 498, 133 | 422,692 |1, 584, 808 |11, 317,750 

Potalsnc => e 1,737, 793 |2, 296,976 |2,438, 954 |1,611,608 |1,593,120 | 423,984 |1,658, 423 |11, 760, 858 

King, or spring: ' 
Fpound fats sos. 2,617 | 12,793 6, 000 7,584 | 10,196 4, 061 3,770 47,201 
1-pound flat...... 3, 804 5, 133 5, 267 11, 532 18,319 19, 192 3, 967 67,214 
1-pound tall. -..... 59, 452 43, 845 37, 959 76, 870 81, 488 21, 741 22,923 344, 278 

Potaees.. 5-25-46 65, 873 61, 951 49, 226 95,986 | 110,003 44,994 30, 660 458, 693 

Red, or sockeye: 
4-pound flat...... $1, 565 124, 309 137,008 | 122,236 101, 716 60, 831 171, 896 799, 561 
1-pound flat...... 86, 395 89° 612 151, 864 110, 491 120, 147 71, 108 121) 449 751, 066 
1-pound tall......|1, 936, 971 |2, o74, 460 |2, 244, 865 |1, 044, 934 |1, 278, 875 |], 633, 859 1, 777, 313 {12,191,277 
2-pound nominals G06 on. eeA Eee. oe eee on nc biteae coo. | tacmees ete Meseemaace 6, 006 

Oc. ie 2,110, 937 |2, 488, 381 |2, 533,737 |1,277,661 |1, 500,738 |1, 765, 798 |2, 070,658 |13, 747,910 

Grand total....|4,900, 627 |5, 947, 286 |6, 605, 835 /4, 583,688 |4, 429, 463 /2, 596, 826 |4, 501, 652 |33, 565, 377 
| 

1 The number of cases shown has been put upon the common basis of 48 one-pound cans per case. 

Average amvual price per case of 48 one-pound cans of salmon, 1912 to 1922. 

Product. 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 

Coho, or silver..........- $4.44 | $3.45 | $4.39 | $4.31 | $5.34 | $8.76 | $9.15 |$11.27 | $9.13 | $5.63 | $5.47 
Chum, Or Kela--s-+ 202 == 2.37 | 2,21 | 3.37} 2.59] 3.34] 6.14] 6.27] 6.82] 4.19] 3.68] 3.98 
Humpback, or pink....} 2.55] 2.58] 3.50] 2.78 | 3.64] 6.44] 6.58] 8.35] 5.47] 4.21] 4.34 
Rne, OF Spring..=5 22 .1.- 5.37 | 4.04] 5.01} 4.63] 5.36] 10.40] 9.85 | 13.13 | 10.97 | 10.22] 38.08 
Red, or sockeye.-......-- 5.45 | 4.54] 5.58] 5.82 | 6.04] 9.48] 9.44 | 12.98] 13.05] 8.96] 9.24 
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MILD CURING OF SALMON. 

In 1922 there were employed in this industry 1,243 whites and 61 
natives, exclusive of the independent trollers of southeast Alaska. 
This is an increase of 855 persons. The southeastern district, because 
of its nearness to market, produced the bulk of mild-cured salmon. 
The industry in 1922 showed an investment of $1,572,025, as com- 
pared with $613,516 in 1921, an increase of $958,509, and produced a 
total of 5,283 tierces of mild-cured salmon, valued at $821,169, of 
which 5,200 tierces were kings and 83 cohos. Corresponding figures 
for 1921 were 3,556 tierces, valued at $608,218, of which 3,580 tierces 
were kings and 26 cohos. 

Investment, persons engaged, and products of Alaska salmon mild-curing indus- 
try in 1922. 

Items. Number. | Value. Items. Number. | Value. 

INVESTMENT. PERSONS ENGAGED—Con. 

Plants i tsee an saree ree 6 $6,600 || Shoresmen: 
Operating capital .2ostaes (st cescee ee 403, 020 Wihitese 28. nt sae eceee es AAA WE Joes 
Vessels: Natives? ssiscssese- sc ae , Me Beeertonce 

Power, over 5 tons....... 18 75, 900 |. 
Net tonnage......... 208 | een cee Totaly Set. Sokeos-ces LSS eo aeeeee 

Barces eee 225s PS 2 17, 000 
Launches, under 5 tons !. 1,013 | 1,014,800 || Transporters: 
Other boats and skiffs. .. 33 8, 455 Whites. ..<cadst sseeeecees DEN Ds ee 
ish terssssessseee cess 6 9, 000 INALLVES ten sect ones sa ae DQ emacseexen 

Apparatus: —————— 
Gill nets (5,250 fathoms). 35 7, 750 Totals. 22s BE ees 
Wiese es V6 eee. 5, 790 29, 500 SS 

SS. Grand ‘totalece.. sncs2 W048: eons seems 
Motels cee aa scteleiceiate sees oats 1,572,025 

— nd PRODUCTS (POUNDS). 
PERSONS ENGAGED. 

Coho:,or silvers? 2s seieeec ce 66, 400 $6, 548 
Fishermen: Kane Or Spring s* = dawsece tes 4,199, 650 814, 621 

Winitegees ace teem Byala ee 
INBUIVOS 2S cc ce cctweicaets BONE secaae Totalecconcc sepemace os 4, 266, 050 821, 169 

AUG) 22 es eae ee aL el es Sears 

1 Includes 1,000 trolling launches, valued at %1,000,000. 2 83 tierces. 35,200 tierces. 

SALMON PICKLING. 

In 1922 the investment in salmon pickling was $510,998, a gain 
of $77,003 over 1921, when the investment was $433,995, the greater 
part being in western Alaska. 'The investment in 1922 was confined 
to central Alaska, $123,779, and western Alaska, $387,219. In 1922 
there were employed 250 persons as compared with 195 in 1921. The 
production increased from 10,082 barrels in 1921, with a value of 
$179,414, to 17,9254 barrels in 1922, with a value of $284,015, an 
increase of approximately 77 per cent in quantity and 58 per cent 
in value. 

ee 

ise ae? 
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Investment, persons engaged, and products of Alaska salmon-pickling industry 
. in 1922, by districts. 

Southeast Central Western 
Items. Alaska. Alaska. Alaska. Total. 

INVESTMENT 
Number.| Value. | Number.) Value. 

REELS E Ue a ee ie os cictaceetented is « <ie's lomo cele 88, 8 | $76,500 15 |$165, 100 
Cope Ui CANNGA Se eee cee nels im encan=|ocboncec|sonceses| 19,600) |ancanecan LG Eyal Renae 179, 236 
Vessels: 

Power, over 5 tons. ............ 8 38, 491 9 42,991 
Net tonnage. v....-.2:...-- x THs S| Be eeeas UST Eo aoe oe 

Salling 3.235 ceseemeseeesce aces) an02505 3 60, 000 3 60, 000 
Not tonnage. jac s222......-. iL A al Pe OE | ee eee 

Danchesss sates eee tes os =< 5 9, 900 ll 13,700 
Boats, gill net and row.......-- , 09 71 21, 225 89 22, 315 
Lighters and pile drivers 10 9,525 14 11,575 

Apparatus: 
Haul Semesh eu asoacet cc = = s - 1 50 7 1, 220 

LC ire oe AS ee ae OOK ence cose ALON Os Sa -cces 
Gil MOIS ss ee rss ssh iss 103 11, 271 111 11,731 

Fathoms....... Se eee $900) ies sam = Son a Pes Se 
EOIMIGTO DS NCLEVOlLS comer weno n| oe octet see eee al SE Onn | a DOOn lee eee eclecw enews 5 2, 500 

IS SS cegodie SSO pe Se poeggge 5 630 5 630 

Metal woe eek ee st pee oe = ee diosOl|! on dets SRP AGU E oS ai 510, 998 

PERSONS ENGAGED. iF 

Fishermen: 
WVITUOS rs amc ce eke octet cee een eae stk oe ck cee oy jeese LA el BaSaeee a od eee ee 
INRLNVES poe setae eect tee asta sec aoe e ees ied er ee Dh \ in woce cae BY ae ease S 

<7" Pag a aca eign Patil aes 2p ees i ea TAO sa srratcoe 

Shoresmen: : 
LEO | Sei 5 Ny ey ce Be role wl ok TR oases Gon te eee e hn, |eaoeseate 
ORGS er ke co ee oe ear | Rene | ee ney Chi (ae el Seer 19 | ee 
SSCS aE tarps ies (Ee 2 Cr S02 pire al ie pen ee eae 13h Wiseecckaae 13a eee 

ST SSS Speen ee sey ae IB. shinee ee a INIT see 

PPEAUSPUEOEIS:) WHILON orn sec ceeeeact |seecccelnet oe se [isscssssleoseneck 1 eee ee nee i Padlictiasoce 

sprites. 23-Saeis ose | Mudge. lee Fei Maven oe ives erat oe 

PRODUCTS (BARRELS). 1 

UTS CRT Cs = 749 |$10, 915 21 285 67 914 837 12,114 
SUITS FEC LATT) Gils) Ce a aga | eee) | HE ai 31 600 55 901 86 1,501 
Pe DACks OF pn. > So s2 se) 3 5 fo 2| Ses acne eee ee TESK |) 1G GG0a Me eee tO. cee os 165 1,660 
PP Or Spring 2.20 Goode ote Se it 10 353 748 3194 5, 754 356 6,512 
BOUOL SUCKGYOs 55 2.0 leaden s.|e case chosen oe 1,458 | 27,753 | 15,023 | 234,475 | 16,481 | 262,228 

Total...........-.--.-....| 750 | 10,925 | 1,711 | 31,046 | 15,4643 | 242,044 | 17,9253 | 284,015 

1 Each barrel holds 200 pounds of fish. 

SALMON FREEZING. 

In 1922 the four companies reporting the preparation of frozen 
salmon in southeast Alaska produced 3,791,634 pounds, valued at 
$255,343; and one in western Alaska produced 57,519 pounds, valued 
at $5,751, a total production of 3,849,153 pounds, valued at $261,094. 
There were no operators in central Alaska. The total production 
for 1921 was 1,506,074 pounds, valued at $127,442, making an in- 
crease for 1922 of 2,343,079 pounds, or approximately 156 per cent 
ee and of $133,652, or approximately 105 per cent in 
value. 
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Quantity and value of salmon frozen in Alaska in 1922, by species. 

Species. Pounds. Value. 

Cohov or'Silvers 2c ces ses ecco ocincesensmmmshaeearste ceemanteme seater eee 839, 640 $48, 137 
Chummoriketascs ioe. 5. Scie 525 u- 5 ce aSada cae eiseate ee paces eee emeene cee eee 236, 679 9, 467 
Humpback, or pink.... A 1,023, 707 20,474 
King, or spring......... 1,548, 474 162,951 
Red, or sockeye.......- 200, 653 20,065 

Total... 2.555 sceccssacce seed se tebecbsd cebas ge cece geet eee 3, 849, 153 261, 094 

FRESH SALMON. 

There was a material decrease in the fresh-salmon trade in 1922 
as compared with 1921. The number of persons engaged dropped 
from 20 to 7 and the production from 9,103,104 pounds, with a value 
of $418,265, to-3,802,729 pounds, with a value of $271,869. This isa 
decrease of approximately 58 per cent in the number of pounds and 
85 per cent in value. The investment was $35,541 in 1922 as com- 
pared with $55,027 in 1921, a decrease of $19,486. 

Investment, persons engaged, and products of the Alaska fresh-salnon industry 
m 1922. 

Items. Number. | _ Value. 

INVESTMENT 

Operatineycapital: .< 3502 J. cS8e sce somekce ba eteeeie = ieee ao ae ee eee eee ase erecta $19,316 
Bloating equipmen ta cdc aweicaccnsrgaamacc tite Soa oe ee ee Nes ease soc aie Decl Loe emamoeeenee 12,525 
Apparatus: 

PUYSe SOINCSe ocisteccowis' stelererettare hie sathaens Kate SESE E REISE Acc cele oaic 1 200 
Hab ROmMS#: - ainda ote esis oe cis a sise See a eee eo nee ere 85) us ase ee, 

ELTADS; UO o52 a iersceis-cheiard atataje arevaranatel ovarere mle ico laratale ROME oe BE esic lcwiclo® 1 3, 500 

PROG ss ae 2a eee Sie ain wre Pare 25 See whee ale chine ww Sha are Tee a ae erect | ae 35, 541 

PERSONS ENGAGED. 

HSherMGM ws... sens at ese e eset sewesae eek cba taas odaEE Da ROR So RC RR OES PN sera Sorin 
BEANS DOLLCNS = \anicc see ee GS ascine tine aa seins mace omens Gee meets 6 Aen eee Dr Peaen acon nee 

T Ota reser cone seas cece oe ene eee een oe aceon s oebeeeeens aeeane Cie Rees eer 

PRODUCTS (POUNDS) 

Coho;:or Silver. oh. s 26. acechn cases sae aeclee ws cutseesamaseoee een eas eee ee 619, 930 25, 740 
Chum yor ketaz. Sheen eect sauce abe cas soe aaa yeh a Na ee Seiten Ee a eee 126, 847 4,011 
Hump baek, Or pink. we Shoe a kee oe cece camels wate aie oeciaie see setae ee eeeee teeter 637, 338 7,085 
KANE (OL SPTiNS-2 se oss Gad ee 2 oe cw ee eee eee eee oe kee eee 2,072,774 202,279 
Red) OF SOCKCYOs = -2 occ cee oan bo cincee setae) Sechdee seme acesaeeeene eee eee 345, 840 32, 754 

Motaldic. «ssc sR. A. Sa ee eee Sera es eres eae 3, 802, 729 271, 869 

DRYING AND SMOKING OF SALMON. 

In 1922 nine firms reported a production of 815,550 pounds of 
dried salmon, valued at $145,544, as compared with 8,533 pounds in 
1921, valued at $979. The Juneau Cold Storage Co. reported a pro- 
duction of 10,000 pounds of kippered salmon, with a value of $1,500, 
and two operators produced 1,600 pounds of beleke, valued at $480. 
Two firms dry-salted 79,400 pounds, with a value of $940. ‘The total 
quantity of dried, kippered, and dry-salted salmon and beleke was 
906,550 pounds, with a value of $148,464, 

ON 
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Fic. 9.—Herring station and homestead, Halibut Cove, Cook Inlet. 

Fic. 10.—Cannery in Cook Inlet district, 
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Quantity and value of dried, kippered, and dry-salted salmon in Alaska in 1922, 
by species. 

—_— 

Species. Dried. Kippered. Dry salted. 

Pounds. | Value. | Pounds. | Value. | Pounds. | Value. 
Coban mmintiveleses. seen e aoc esac cccnw eae n UBL Ai alle wall ORD oe se bee ocd Bee costal Bsetapee rs 
GHYUIOMREN Ss ose ns ano sat nnn necasew ee B46; 250 |) LOSe2 camer eeemes | ces cce Ge Sela ccmcen| toc cae 
POI NNAGK ON MK - saa wwe eesenee eee 40, 600 1, 624 1600 $180 75,000 $500 
TEER EE iy ee Seon sees 7,950 865 | 211,000 1,800 4,400 44¢ 
MEANT SOCKO VO oo. 2<2s56=> seas ccecse se - 209, 000 ST GON rere cece oe cca lecanele ane tla ceebiajetere 

SG eee eater ee. tatksececosecun 815,550 | 145,544 11, 600 1,980 79, 400 940 

1 Beleke. 2 Includes 1,000 pounds beleke, valued at $390. 

SALMON BY-PRODUCTS. 

The two firms producing oil and fertilizer from salmon offal and 
scrap fish in 1921 continued their activities in 1922 with an in- 
ereaséd investment and output. They are the Alaska Reduction 
Co., at Hawk Inlet, and the Petersburg By-Products Co., at Scow 
Bay. The total investment in 1922 was $183,017, and 29 persons 
were employed. The products were 387 tons of fertilizer, valued at 
$23,438, and 12,989 gallons ci oil, valued at $5,015. The investment 
in 1921 was $141,319, with 27 persons employed, and the products 
were 232 tons of fertilizer, valued at $13,920, and 15,010 gallons of 
oil, valued at $4,102. The value of the products in 1922 was $10,431 
more than the value in 1921. 

HERRING FISHERY. 

This industry shows a further expansion in 1922 as compared 
with 1921, not only in number of operators but in volume of prod- 
ucts. Practically all the pickled herring was Scotch cured, the 
pack was of better quality, and sales were better and more promptly’ 
made than in past seasons. There is still room for improvement 
along this line, and the market will be better as the products meet 
the requirements of the trade. 

The tendency of the present packers eng.ged in this business has 
been to locate in proved localities, which has, in most instances, 
resulted in congestion. Scarcely anything in the way of prospecting 
for new fishing grounds has been done. 

STATISTICAL SUMMARY. 

In 1922 the herring industry of Alaska showed an investment of 
$3,367,841, as compared with $1,512,02° in 1921, an increase of 
$1,855,812. Nine plants were operated in addition to those in 
operation in 1921, making a total of 22. Employment was given 
to 1,280 persons, while in 1921 only 445 were employed. The total 
value of the output in 1922 was $2,329,116, as against $934,044 in 
1921, an increase of $1,395,072, or approximately 149 per cent. 
Scotch-cured herring increased from 14,523,441 pounds in 1921 to 
35,995,450 pounds in 1922. Losses in this industry aggregated 
$25,000, of which $10,000 was a vessel owned by the Alaska Sea 
Food Products Co., and $10,000 the saltery of the Nildenrich Pack- 
ing Co., which was destroyed‘by fire. 
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Investment, persons engaged, and products of Alaska herring fishery in 1922, by 
districts. 

Items. Southeast Alaska.| Central Alaska. | Western Alaska. Total. 

INVESTMENT. Num- 
Number.| Value. | Number. Value. ber. Value. | Number. Value. 

Plants operated......... 6 |$296, 306 15 | $546,396 1 | $8,879 22 $851, 581 
Operating capital. 2 foc 532... ee 415, 966). #0 ceemme Ba TBAOS: |ookame ate CGS. Sy ea 1,899, 196 
Vessels: 

Power, over 5 tons. . 22 | 128,000 6341 ofsd83050 (eee eee lee ce cae 85 466, 050 
Net tonnage..... 7h SY leg Perte (ee 1660s ase sos se oacteeelenae cee ZARA VG | ie eas 

Launches, under 5 
(CONSetee cet een 1 200 8 6, 650 1 2,076 10 8,926 

Boats. row and seine. 29 3,150 82 4,615 10 950 121 8,715 
Lighters and scows.. 1 1,000 11 9, 800 1 400 13 11, 200 
Pile drivers......... i 5,000 3 G 000 Soc sceee mae 4 11,000 

Apparatus: 
iBeach:seinesaa.c-sc4|cccerce eel = eee ee 8 AT O00 Wp. 22 cee] bce coe 8 11,000 

AN OMS eee eee esa ee eee O80N oe cene cee le cee eae nae seeere OSON Rea san coe 
Purse seines.....--.- 10 | 22,928 41 73, 440 (ay auleii7es) 57 98, 143 

Hathoms te cecese ne (0 ee ee We OLOM Ae soe. so 92 ROE Ape see 8,560!) sstee ce 
CG ni bly etsy Spree Rare eal aig ae He ip cae 6 1, 450 58 580 64 2,030 

Fathoms®. ese ee 2a Sete es TSO cee eee SON Rees 160°|. 2582 coe 

Total sas. ea eh eT eye cery eure eee 2,471,088 |........ ei) ena eee 3,367, 841 

PERSONS ENGAGED. 

Fishermen: ; 
Wititese 2. 26s 283; Of bok 2..8 Dol N see oe ess ce ees 830%. Se eseS 5 
INSEE VES Ee ee a ene te Tid| | ee ee bE ee Sr eee RO} || Aeeeee ss Sighs Scans 

Rataler, a4) Fare Wt Sazsyere: cpeye B46. TED. ge re Po oee AGC Eee 

Shoresmen | 
Whites... ..-etucess WGLaile Seekers ey es a pes Sol PAAR a see se (Ae | ee ss 
Wativestes 2. see tp aegis & Doilotoccoseclet eben neteeeee A bes es Se 

if peti na Sopa Sales | od Oe he Dal ates Cor 9 eid aptler 
Transporters: 

AWA ESS Se ee cen ae olla eh ee so eee otal Case oul alee sa ce ee oe 
IN AiGLV GS sien aren Mace tree | mete ee 1 Ths PRN Bee Es 2 Doe ae eee all Pee ness = 

Totalces2 2 ef rel 2 pews sth (fae a ae Dll spee ee ae ee eee eee baleen aee ee 

Grand total....... 5G lbeGe eld Wan fl earig-. 16 ett 1,080f 02 seek 

PRODUCTS (POUNDS). 

Fresh for bait..........- 300, 000 3,000 524, 600 5 246) pee es 2 See 824, 600 8, 246 
Frozen for bait.........- 1,803,415 | 14,734 860, 600 8; 60Gy|. orto eo 2, 664, 015 23,340 
Pickled for food, Scotch 
CIT ete Mee rn 7,290,009 | 373,961 |28, 616,841 |1, 650,352 | 88,600 | 6,662 |35,995, 450 | 2,030,975 

Pickled for food, Nor- 
wegian cure........... 22, 400 1, 168 215, 450 27841 tke. SAR wae oe 237, 850 14,009 

Dry-salteditor food -o 555) sank Sa alse ee 240,000 9: BOOB Sense aloes 240,000 9,60) 
Wentilizeress.< oe 2.526, 000 75, 548 766, 000 22, 980R east etc cates 3, 292.000 98, 528 
OUP aus: fe ysee< Sa. 22 333,941 | 112, 463 91,300 3942 55) | (alee gee se Ae 425, 241 144,418 

LNG Fe | bys es 8 | 580,874 |esseseae. os P74 (O80 Sete 66620). 2teces 6 2,329, 116 

1 Gallons. 

HALIBUT FISHERY. 

Owing to an oversupply of halibut at the beginning of the year, 
heavy storms, and a decrease in the productivity of some of the fish- 
ing grounds the halibut catch for 1922 did not total as much as in 
1921. British Columbia ports received part of the catch, which was 
shipped thence to central and eastern markets. 

STATISTICAL SUMMARY, 

The investment in the halibut industry in 1922 was $1,839,910, 
an increase of $4,653 over that reported for 1921. Employment was 
given to 569 persons, compared with 452 in 1921. . Independent ves- 

‘a 
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sels making deliveries to Alaskan ports and their crews and prop- 
erty must be estimated in compiling these figures. The products 
of the halibut fishery entered through the ports of Alaska in 1922 
were 11,075,237 pounds, valued at $1,034,967, as compared with 
17,176,274 pounds in 1921, valued at $1,476,450. 

Investment, persons engaged, and products of Alaska halibut fishery in 1922. 

Items. Number. Value. Items. Number. Value. 

INVESTMENT. PERSONS ENGAGED 

Vessels: vnies Pa eMeeT Es ed ao ae 
P DURES Gale Soe Bas aS ene amma 1 Cl TERPS es Se 

mag eres h grees | 2 bo $1, 114, 000 Miscellancous’..52--s-s-<.2- St a nae ls ib oumoieae 

Launches....--.20020+: ite | Ur oe a ae ee a 
Vesa A See ee 217 725 
SHMEOIIFITICRL Y= oes osc) os... cseee 393, 935 FEODUCTS (FOUNDS). 
OES Ce SOTEN ee Se SS Eee 297,450 || Fresh (including local) .-..... 7, 886, 764 | $772,610 

|| Frozen...................... 3,188, 473 262, 357 
LOS SS ae eeeee! eee eames 1, 839, 910 a 

PLOUAL se acamene waace cts 11, 075, 237 | 1, 034, 967 

COD FISHERY. 

The cod industry of Alaska in 1922 partially recovered from the 
shrinkage in 1921. In the vessel fishery the Robinson Fisheries Co. 
restored the Wawona to the cod fleet and the Pacific Coast Codfish 
Co. put into service the Charles R. Wilson, but withdrew the Maid 
of Orleans. The North Star Fish Packing Co. used the power 
schooner Northern King. ‘The Union Fish Co. withdrew the Se- 
quoia from the fleet. 

The only important shore stations operated in Alaska in 1922 
were those of the Union Fish Co. and the Alaska Codfish Co. in the 
Shumagin Islands. 

Alaska eod fleet in 1922. 

2 Net 
Name. Rig. tonnage. Operators. 

City of Papeete.......... Schooner......... 370 | Alaska Codfish Co., San Francisco, Calif. 
Glendale d 281 Do. 
Maweema. .. 392 Do. 
S. N. Castle. 464 Do. 

Ds tes sa 23 Do. 
Alasco IT 5 Do. 
Alasco IIT 8 Do. 
Alasco IV 14 Do. 
Golden State 223 | Union Fish Co., San Francisco, Calif. 
ig. | Se een mee 30 0. 
160 ae 115 Do. 
(gS aaa at oe TE el ee 21 Do 
US Lo Ge ee 328 Do. 
ES ee eee 14 Do. 
Union Flag 7 Do. 
Vipul. ae eee ae do 235 | Pacific Coast Codfish Co., Seattle, Wash. 
Charles R. Wilson 328 Do. 
Wawona 413 | Robinson Fisheries Co., Anacortes, Wash. 
Panny Usted: Seta seal ts NOE ees ne 252 | J. A. Matheson, Anacortes, Wash. 
Northern King.......... Power schooner. . 7 | North Star Fish Packing Co., Tacoma, Wash. 

STATISTICAL SUMMARY. 

The cod industry in 1922 showed an investment of $778,376, as 
compared with $781,665 in 1921. The number of persons employed 
was 357, or 25 more than in 1921. The production of cod was 
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6, 134, 649 pounds and 100 gallons of oil, all valued at $464,169, an in- 
ase over 1921 of 1,346 818 pounds in quantity and $6,849 in value. 

Invesiments, persons engaged, and products of Alaska cod fishery in 1922. 

Item. Number. | Value. Item. Number. | Value. 

INVESTMENT. PRODUCTS (POUNDS). 

Valueiof shore)stations-.........22))..shedee-- $150, 930 || Vessel catch: 
Costiohoperations:..- 22secccse5|seneesisee ce 133, 817 Dry-salted cod.....2......- 3,719,145 |$243, 601 
Wires artes 2 Sree ee ee 136, 316 Pickledicodl=s ss sn sscse eee 16, 800 925 
Vessels: DON SUES ace aici come ste sues 11, 860 1, 186 

Power, over 5 tons........- 7 | 102, 134 OT eee case 6 GRR R eA Sheer 1100 100 
Net tonnage.......-.-- 310: 5220 eee —_—_—_——_—_-|—_———_ 

pe eulina pe ee ale eae yaa 13 | 194, 357 Totals tesa. simcialain te cewieec (ecieiae paren 245, 812 
Net tonnage.....2.2-2: 3; 1200| Pees os 

Ihaumchesses saree aed 91 | 42,161 | Shore station catch: 
Dories S 3am Ss <4! ahs aes 306 9,350 IDry-salted cody. cs. nok aa. 2, 366, 844 | 215, 357 
Pileidriverssases us. oo 2282 2 250 Stockfish 27 ees oes eee hoe 20, 000 3, 000 

Apparatus: - ———— 
Seines (75 fathoms)........ 1 250 otal: 2.28ebSs.cee rece cen 2,386, 844 | 218,357 
Gill nets (75 fathoms)...... 1 195 a 
WINS 2. weniemanaineseeee cee. 1,420 8,616 || Recapitulation: 

—_—_—— Dry-saltedicod-5- ses cceses 6,085,989 | 458, 958 
DROtAL «a2 se sac ecdeisweeuen| Soeses eee 778, 376 Pickted.code:..5 ee 16, 800 925 

————————— Stocktisheeeeac oe ae eee 20, 000 3,000 
PERSONS ENGAGED. Tonguesy-e2 isessccence sane 11, 860 1,186 

Ouse * So sn cscesetaneeeeee 1100 100 
Fishermen: White............. 
Shoresmen: White-........-..- Grand total. sacs cece ne cals aaseteres 464, 169 
Transporters: White..........- 

1 Gallons. 

WHALE FISHERY. 

Whaling in Alaska in 1922 was carried on by two companies, the 
United States Whaling Co., at Port Armstrong, and the North 
Pacifie Sea Products Co., at Akutan. The industry gave employment 
to 166 whites, 24 natives, 27 Japanese, and 3 Filipinos. The invest- 
ment, consisting of plants, vessels, wages, and other operating costs, 
yas $801,950. The number of whales captured was 445, of which 204 

were finbacks, 95 humpbacks, 77 sulphur bottoms, and 69 sperm. 
The products were 904,359 gallons of oil, valued at $328,944 ; 3,092,480 
pounds of fertilizer, valued at $78,974; 14,000 pounds of whalebone, 
valued at $1,400; and 500 pounds of ivory, valued at $200. | “he total 
value of all whale products was $409,618. 

CLAMS. 

Tn 1922 the production of clam products was 32,290 cases, valued 
at $185, 007, as compared with 1,420 cases, valued ae $9,940, in 1921, 
an increase of 30,870 cases in quantity and $175,067 in value. 

Products of the Alaska clam industry in Alaska in 1922 

Item. Cases. Value. 

Minced: 
3-pound cans.... 18, 078 $74, 520 
10-ounce cans... 11, 732 89, 634 

et Speen CRTIS Sit stets nie eens aieriniotas eee 1, 046 9, 249 
ole: 
1 =PONNG' CAMSie scles en ceeen cea cas seer «dates a eeeele celta oe ec ce mean sme teed 1, 434 11, 604 

Potal sa Soe coe at ae eae eo aeecale pee cies eae costes c's one eatehaenecaeoiar 32, 290 185, 007 
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Tic. 11—Whaling gun mounted at bow of vessel. 

Fic. 12.—Hauling out whale at shore station, western Alaska. 
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SHRIMPS. 

Three companies, the Alaskan Glacier Sea Food Co., Olympic Fish- 
eries Co., and Ness Fish Co., located at Petersburg, were engaged in the 
preparation of shrimps. The entire product consisted of fresh shrimp 
meat packed in 5-pound tin containers, which are filled by hand, 
sealed in a hand machine, and shipped in cold storage to Seattle. Im- 
mediately upon delivery at the packing houses the shrimps are im- 
mersed in hot water for a few minutes, thus cooking them slightly and 
facilitating removal of shells. The shelling is done by hand by Jap- 
anese and natives, who are paid by the pound for the meat prepared. 
Employment was given to 16 whites, 79 natives, 3 Chinese, i1 

Japanese, 3 Mexicans, and 1 Filipino, a total of 118, as compared 
with 111 in 1921. Wages aggregated $59,689, and other costs of 
operation totaled $53,902. The value of plants, vessels, and fishing 
apparatus was $49,520. The total investment in the industry in 
1922 was $163,111, as compared with $147,814 in 1921. The output 
was 336,380 pounds of meat, valued at $126,690, as compared with 
344,986 pounds in 1921, valued at $182,077. Losses in this industry 
in 1922 amounted to $7,648, of which $7,348 represents the value 
of products that spoiled for lack of cold-storage shipping facilities. 

CRABS. 

Three canneries handling crabs exclusively were operated in 
Alaska in 1922 and four other operators handled crabs incidental 
to other activities. The reported investment in the industry in 
1922 was $129,976, as compared with $48,848 in 1921. Employment 
was given to 152 persons, as against 44 in 1921. The products con- 
sisted of 4,619 cases canned, valued at $46,231; 120 pounds fresh, 
valued at $48; and 383 dozen whole crabs in shell, valued at $1,100; 
a total of $47,379. The value of products in 1921 was $33,180. 

TROUT. 

Although there was no separate investment in the trout industry 
in 1922 there was reported a production of 64,727 pounds of fresh 
trout, valued at $5,266, and of 134 cases of preserved trout, valued 
at $648. Dolly Varden and steelhead were the only species taken. 
The total production in 1922 was 133,504 pounds, valued at $18,925. 

Products of Alaska trout fishery in 1922. 

Species. Fresh. Canned. 

Pounds.| Value. Cases. Value. 
RNP OIN a creole an hide vic ae saaite a's Peres caincfencsimaminaette saeintes 49, 483 4275) eee nce SOY {ie 2 
Steelhead Naeeade Sekecceacee cs coast eredne ccc ceacestees Teccvwces 15, 244 991 134 $648 

PAE eae aaa cee stcda rac ea csectteccstiesceeces 64, 727 5, 266 134 648 

MISCELLANEOUS FISHERY PRODUCTS. 

Several products, incidental to other fishing operations, deserve 
mention. These include sablefish, flatfish, and ling-cod. In 1922 - 
the total catch of sablefish was 49,167 pounds, valued at $1,538; of 
flatfish 12,255 pounds, valued at $367; and of ling-cod 1,327 pounds, 
valued at $26. 

54940° —23_6 



FUR-SEAL INDUSTRY. 

PRIBILOF ISLANDS. 

GENERAL ADMINISTRATIVE WORK. 

In the calendar year 1922, 31,156 sealskins were taken on the 
Pribilof Islands. With the exception of the year 1918, when 34,890 
skins were secured, the take was the largest since 1889. The washing 
and blubbering of sealskins on St. Paul Island, which was first 
undertaken on a commercial scale in 1921, was continued more ex- 
tensively in 1922, when nearly 16,000 were so treated. Extensions 
were made to the washing and blubbering plant and to the St. Paul 
salt houses. Work on the new water system for St. Paul village 
was continued, and the building of a road suitable for motor trucks 
from that village to Northeast Point was undertaken. On St. 
George Island improvements were made to the village landings, 
new building construction was undertaken, and the electric lighting 
system was extended to include the entire village. The practice of 
feeding foxes on St. George Island was continued, and steps were 
taken to secure the services of an experienced man to develop the 
fox herds on both islands. The regular annual supphes were trans- 
ported to the islands by a commercial vessel instead of by a Navy 
vessel. The Coast Guard maintained a patrol of the waters of the 
North Pacific Ocean and Bering Sea and in addition rendered the 
fur-seal service valuable aid by transporting passengers, miscellane- 
ous freight, and mail. The bureau’s vessel “7der made a number 
of trips from Unalaska to the Pribilofs in the winter and was kept 
steadily employed throughout the regular sealing season. The usual 
seal census was taken and included this season a count of all the pups 
on both islands. 

OFFICIAL VISIT BY ASSISTANT SECRETARY OF COMMERCE. 

In connection with a general trip to Alaska, an official party 
headed by Hon. C. H. Huston, Assistant Secretary of Commerce, 
visited the Pribilof Islands in July. Mr. Huston, accompanied by 
Ward T. Bower, field assistant, Bureau of Fisheries, Dr. Leonhard 
Stejneger, United States National Museum, Lieut. Ellis Reed-Hill, 
engineer officer, United States Coast Guard cutter Mojave, Joe L. 
Baker, special assistant, and Capt. C. E. Lindquist, arrived at St. 
George on the United States Coast Guard cutter Algonquin July 11 

.and after making an inspection of the station and seal life, pro- 
ceeded to St. Paul Island where they arrived July 12. Dr. Stejneger 
and Captain Lindquist left on the Algonquin the same day. The 
others remained at St. Paul Island until July 19 when they took 
passage on the U. S. Coast Guard cutter Mojave. During the week 
at St. Paul Island close attention was given to all the details of the 

80 
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station’s work, particularly to sealing operations, which were at their 
height. A number of other members of Mr. Huston’s party who 
did not go with him to the Pribilofs on the Algonquin arrived on 
the Mojave and were ashore at St. Paul for a brief period July 19. 

PERSONNEL. 

Superintendent A. H. Proctor, who had been detailed to the 
Washington office for a part of the winter of 1921-22, returned to the 
Pribilofs early in the spring by the Coast Guard cutter Haida, ar- 
riving at St. Paul Island April 25. Accompanying him were E. C. 
Johnston, storekeeper; A. Christoffersen, by-products expert; Wil- 
liam A. Carter and Theodore C. Vick, sealing assistants; Charles 
Roof, Albert Harland, Joseph Movilla, Benjamin P. Gale, and 
Andrew Pearson, carpenters; and two Chinese cooks. 

W. C. Allis, sealing assistant, left in May. Dr. Daniel L. Roland, 
who had been employed as dentist on St. Paul Island through the 
winter of 1921-22, went to St. George Island on duty in May and 
in June left for the States. Henry Mygatt, assistant to agent, and 
Edna C. Mygatt, school-teacher, left St. Paul Island for the States 
also in June. 

William P. Zschorna, of the Fouke Fur Co., which dresses and 
dyes the Government’s sealskins, and 12 assistants were detailed to 
St. Paul Island during the active sealing season to assist with the 
washing and blubbering of sealskins. G. Donald Gibbins, vice 
president of the Fouke Fur Co., was also at St. Paul Island for 
a few weeks in June and July. 

In September the steamship Brookdale landed Lois L. Proctor and 
Harold W. Lashier, school-teachers, and Paul E. Moran, assistant 
to agent, at St. Paul Island, and Dr. George S. Lesher, physician, 
at St. George Island. Mr. Moran was later detailed to St. George 
Island for duty during the winter of 1922-23. 
Leaving on the steamship Brookdale for the States in September 

were Henry D. Aller, agent and caretaker, E. C. Johnston, store- 
keeper, and two Chinese cooks, from St. Paul Island, and H. C. 
Seudder, storekeeper, and Dr. Wm. M. Murphy, physician, from St. 
George Island. A. Christoffersen left on the U. S. Coast Guard 
Cutter Haida in October. Four of the five carpenters left at various 
times during the season. Richard Culbertson was transferred from 
the position of school-teacher to that of sealing assistant. In 
December Dr. George B. Bowlby, who had tendered his resig- 
nation, was relieved by Dr. Robert E. Davis, who arrived on the 
Eider. Mrs. Catherine Davis was appointed nurse. Dr. Bowlby 
left St. Paul on the /%der. 

PURCHASE AND TRANSPORTATION OF SUPPLIES. 

The method of securing competitive bids for the general annual 
supphes required for the Pribilof Islands through the use of printed 
schedules, which has been followed uniformly for a number of years, 
was again employed in 1922. The supplies were shipped to the 
islands by the commercial steamer Brookdale, the vessel leaving 
Seattle August 21. The annual supplies for the bureau’s vessel 
Hider were shipped at the same time and were delivered at Unalaska. 
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Unloading was accomplished speedily and the vessel left the 
Pribilofs September 24. It is estimated that the cargo consisted 
of approximately 2,500 tons. 

Early in the year the bureau contracted with the Alaska Com- 
mercial Co. for delivery from the States to the Pribilof Islands of 
approximately 325 tons of salt, 600,000 feet of lumber, 310,000 
shingles, 5,200 sacks of cement, 5 tons of bricks, and 20 tons of 
miscellaneous supplies. The salt was transported from San Fran- 
cisco to the Pribilofs by the Apollo. The balance of the materials 
was shipped from Seattle on the steamship Brookdale to the Una- 
laska station of the Alaska Commercial Co., whence it was taken 
to the Pribilofs by the A pollo. 

Other miscellaneous supplies were transported from Seattle on 
Coast Guard cutters through the courtesy of the U. S. Coast Guard 
and landed either at the islands or at Unalaska for transportation 
to the islands by the Eder. 

POWER SCHOONER “ EIDER.” 

The Hider has rendered very useful service in connection with 
activities at the Pribilof Islands, and during the calendar year 1922 
made 18 trips to the Pribilofs, 1 to King Cove, 1 to Umnak, 2 to Bel- 
kofsky, and 2 to Akutan. Thetotalnumber of miles cruised was 8,749 
in 96 days. The actual running time was 1,228} hours. Two hun- 
dred and three passengers, 320 tons of freight besides mail, 14 cases 
of fox skins, 50 barrels of sealskins, and 12 live foxes were carried. 

CONSTRUCTION WORK. 

St. Paul Island.—Construction was continued on the new water- 
tank house, and the four 40,000-gallon water tanks were set up. The 
roofing laid in 1921 was damaged in a gale in the fall of that year, 
and as the building is in a very exposed place it was deemed best to 
lay shingles over the original roof rather than to attempt repairs. 

The roadway from the village to Northeast Point has never been 
in condition to permit more than lightly loaded wagons to make the 
trip. The distance between the places is about 12 miles, about 4 of 
which are over sand dunes. In bringing to the village sealskins 
taken at Northeast Point it is necessary to transport them by boats 
on the open sea, a hazardous undertaking, practicable only when the 
weather conditions are favorable, and subject to frequent delays. In 
order that these sealskins may be washed and blubbered at the vil- 
lage, as is now being done with the skins taken elsewhere on the 
island, they must receive attention within a few hours after removal 
from the seals. Material to lay wooden tracks for automobile trucks 
and tractors over the worst stretches of sand was shipped to St. Paul 
in 1922, and the work of grading and laying out those portions of 
the roadway that could be made usable without tracks was begun in 
the spring of that year and pushed vigorously until sealing opera- 
tions demanded all the energies of the working force. It was de- 
cided to abandon the old bridge, now in a state of collapse, across 



U. S. B. F.—Doc. 951. 

Fie. 13.—Unalaska, nearest port to Pribilof Islands. 

Fig. 14.—Drying seal meat for natives, Pribilof Islands. 
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the slough near Halfway Point and to carry the new road far enough 
inland to avoid the slough. 
A building in which to wash and blubber sealskins was begun in 

1921 and completed with two extensions in 1922. Work was con- 
tinued on the new village salt house, which was used in its entirety 
in the sealing season, and on the addition to the old village salt 
house. The old salt house itself was torn down, and a more modern 
structure was begun on its site. There will thus be two large salt 
houses at the village. Work was begun on enlarging the “ company ” 
house, which is used as a mess house and living quarters for a part 
of the station employees. 
A new boatway was begun at the warehouse at the village landing 

preparatory to replacing that warehouse with a building more suit- 
able for the requirements. The work of building 20 privies for the 
use of the natives was carried to a point where all were available for 
use. 

St. George Island.—A number of improvements were made to the 
landing facilities at the village on St. George Island. The solid 
rock floor of the slip was deepened about 18 inches for a distance of 
approximately 30 feet. A large amount of blasting was done to 
deepen the channel leading to the slip. Since the work was done 
under water it is difficult to determine accurately how much was 
accomplished, but it is known that boats can be operated at lower 
stages of the tide than formerly. About 1,000 pounds of 40 per cent 
dynamite were used. A concrete bulkhead was built across the inner 
end of the landing slip and provides valuable space for temporary 
storage of cargo and for the placing of boats. In December, 1921, 
the tramway leading from the wharf was destroyed by heavy seas. 
It was rebuilt in 1922, concrete replacing the previous frame and 
stone construction. 
A dispensary and physician’s quarters was built. The building 

has ground dimensions of 24 by 32 feet and provides an office, living 
room, bedroom, bath, and a large surgery on the lower floor and space 
for two small bedrooms on the upper floor. A building formerly 
used as a gun house was moved to a position adjoining the new dis- 
pensary, with which it will be connected by a vestibule and used as 
a hospital. A 20-foot addition was made to the schoolhouse. 

The first concrete native dwelling was completed and occupied 
this year and a second building of this type was erected. Each of 
these contains a roomy vestibule, kitchen, living room, and three bed- 
rooms on the first floor and space for two small bedrooms on the sec- 
ond floor. The work of installing a permanent water-supply system 
tpg village was continued. The source of water will be Upper 
ake, 

WELL DRILLING. 

The bureau cooperated in 1922, as in 1921, with the Navy Depart- 
ment in an effort to secure on St. Paul Island a supply of fresh water 
from a drilled well. Drilling was begun August 8 at a point between 
the radio-station buildings and the village cove and was continued 
until October 10. A depth of 415 feet was attained, but a supply of 
water was not located. 
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BY-PRODUCTS PLANT. 

Early in the season the by-products plant was placed in readiness 
for active operations, and some improvements were made. The ma- 
chinery was tested out the latter part of May, and oil remaining 
from 1921 was stored in barrels. 

Actual operation of the plant was begun July 5 and continued 
every day until August 10, primarily for the production of oil from 
blubber to be used in preparing sealskins for the market. Fifteen 
cookings of seal blubber and two of seal carcasses were made, the 
latter for the purpose of securing required data. 

In the season of 1922, 8,546 gallons of oil—consisting of 7,078 gal- 
lons blubber oil, 1,368 gallons press oil, and 100 gallons oil foots—and 
1,935 pounds of seal meal were manufactured. The following ship- 
ments of fur-seal oil were made: 

Shipments of fur-seal oil to Fouke Fur Co., 1922. 

Year Date of Number | Number 
Kind of oil. manu- ship- Vessel on which shipped. 0 of 

factured.| ment. barrels. | gallons. 

Blubbert.--s-asccee ned 1921 Tully, 3L120)..S- S:AGold Star ef 2 .-sdateeceebe see 11 493 
Dose oscat es 1922 aiken aoe OSS Stee ce tise sacle te cane eeseee 19 905 
Dos. +5. 252 e2eee 1921 Sept. 24 | Steamship Brookdale.......-....-...- 24 1, 084 

IPLOSSo i scisegcns sens 1921 ephOvaccallence Odes siete cecicmeste ste s'elec coeaeoeeise 18 920 
Blubber set fe 888.2 1922 do. 5.45 OG AO. 22s: Fek dod see ace ns aeateadcioe meee 125 6,173 
IPT OSS ots aS etotac yas 1922 -=L0.£ GOs8 sa tesipeise anesthe oe peers 27 1,368 

Wotale oct et sspisloss caches [vase sense le. Saeplatedatee = 2544 esse ssame ass 224 10, 943 

NATIVES. 

CENSUS. 

An annual census is taken of the natives of the Pribilof Islands, 
including such details as are deemed of value for purposes of 
record. For several years the census has been taken as of March 
31. This date has now been changed to December 31. The total 
number of natives actually residing on St. Paul Island on Decem- 
ber 31, 1922, was 193, on St. George Island, 127, a total for both 
islands of 320. 

Recapitulation of census of natives, Pribilof Islands, December 31, 1922. 

St. Paul Island: 
Resident “population~on™! Mari.3is V1 Oo ees Sa ee J igo fet) 
Births, Apr 1) 1021s tomMecki3i, AS22E Ease te eee es 9 

: 197 
Deaths) .Apr., 75-1921 Ato Decal O22 ea eee ee ae Se 9 

188 
Arrivals: Apres 921s tomWeCmwol Loko s sp eS es ee 19 

207 
Departures; Apr. 14-1921,;to, DeenSi, A922 «ker. tient 2) ieee et ee 14 

Resident population on) Deca si, GlO22 5 Fs a ee 193 
Other natives away from St. Paul Island but considered residents__ abd 

Total natives accredited to St. Paul Island______________-_____ 204 
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Recapitulation of census of natives, Pribilof Islands—Continued. 

St. George Island: 
Rasen population -On MaritStiitOli sey bod Poy Ess ath fe 122 
Enis rs LOD 1 FOIE, Silie A ODD lie mae e  8 e hnne  ge b, 11 

133 
Bicns Apr 1, LO2t to Deer Ol, O22 aaa: ee ERE eae ne ve 

131 
PALEIV AU SEADr ts 1021 to Dec iS 1 OR Ias ja wee re, BE re ay 2 

1383 
Wepanmrest Apr el, (1921, totDec.8i1, WO22e seems Bee a 6 

Resident population oneDWecwsl,, 1922. 2422 2 en See t PAT 
Other natives away from St. George Island but considered residents_ 6 

Total natives accredited to St. George Island_________________ 133 

Both islands: 
Tout eceswoent jwopulation. one Meck si, 1O22seuk oeeiewn el ee 320 
Other natives away from islands but considered residents________-__ 17 

Grand total natives accredited to Pribilof Islands_____________ 337 

HEALTH CONDITIONS. 

There were no features of special importance in respect to the 
health conditions of the natives. Numerous cases of impetigo oc- 
curred on St. Paul Island, and late in the summer and through the 
fall months there were many cases on St. George Island. There 
were no other epidemics and no serious accidents. Taking their 
race into consideration, the health of the Pribilof natives during 
1922 may be considered to have been normal. A Unalaska native 
temporarily employed on St. Paul Island died there in the summer 
of 1922. 

DENTAL WORK. 

Dr. D. L. Roland, employed by the bureau as dentist for the 
natives, arrived at St. Paul Island August 4, 1921, and was con- 
tinuously engaged in professional work there until May 13, 1922, 
when he left for St. George Island, arriving there Mav 14. He left 
the latter station for the States June 18. A large amount of the 
more necessary work was accomplished, but much remained to be 
done. It is hoped that in the future the bureau will be able to send 
a dentist to the islands for temporary duty on alternate years at 
least. 

SCHOOLS. 

St. Paul Island.—The school term of 1921-22 opened September 
12 and closed about May 1. ‘The senior school began with an enroll- 
ment of 13 boys and 13 girls. The pupils were divided into six 
classes, and individual instruction was given as far as possible. The 
course of instruction was similar to that of previous years. Par- 
ticular emphasis was placed on the use of English. Attention was 
given to the subject of personal hygiene, and the dentist temporarily 
at the station through the winter gave weekly instruction in the care 
of the teeth and inaugurated tooth-brush drills. At the junior school 
80 pupils were in at‘endance, their ages ranging from 5 to 10 years. 
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Special emphasis was placed on conversations in English, simple 
arithmetic, and writing. For the youngest pupils modified kinder- 
garten methods were followed. Fair progress was reported for both 
schools. 

St. George Island—The senior school opened September 6, 
1921, and closed April 10, 1922, having been in session 1224 days. 
The enrollment consisted of 16 boys and 22 girls, a total of 38. The 
average daily attendance was 37.5 and percentage of attendance 
about 99. The subjects taught were reading, arithmetic, spelling, 
writing, history, and geography. The junior school opened Sep- 
tember 6, 1921, and closed May 15, 1922. The session opened with 
an enrollment of 6; 2 were dropped subsequently on account of 
their youth, and 1 was added from the senior school. Kindergarten 
methods were followed. A sewing class attended by 22 girls, divided 
into three classes, was conducted by the teacher of the junior school. 

ATTENDANCE AT SALEM INDIAN TRAINING SCHOOL, CHEMAWA, OREG. 

All the Pribilof Islands natives who were reported employed at 
the Salem Indian Training School or in attendance there on Decem- 
ber 31, 1921, including Mrs. Akalina Fratis, Iuliania Fratis, Nicolai 
Stepetin, and Vasilii Stepetin, of St. Paul Island, and George 
Lekanof and Laurence Merculief, of St. George Island, left during 
1922. Mrs. Akalina Fratis and Iuliania Fratis were at Marshfield, 
Oreg., according to last reports. Nicolai Stepetin returned to his 
home on St. Paul Island. George Lekanof, who it has developed was 
dropped from the school in 1921, returned to his home on St. George 
Island. Laurence Merculief left the school but did not return to 
his home. Vasilii Stepetin returned to St. Paul Island, where he 
was given employment as a temporary laborer. Inasmuch as his 
father has permanently given up his residence on the Pribilofs it is 
probable that he will not regard the islands as his home in the 
future. The only person to enter the school from the Pribilofs in 
1922 was Serge Shaisnikoff, a 16-year-old boy of St. Paul Island, who 
entered the school on November 7. 

SAVINGS ACCOUNTS. 

Certain of the Pribilof Island natives have personal funds in the 
custody of the United States Commissioner of Fisheries. Through 
the year 1922 these funds were kept on deposit with the Washing- 
ton Loan and Trust Co., Washington, D. C., and interest was paid 
at the rate of 3 per cent per annum, calculated on monthly balances. 
New accounts for two natives were opened during the year. A sum- 
mary of the accounts as a whole for the year 1922 is shown in the 
statement that follows: 

ishiulnvgeyony Enel die, 15 ie ee ee $2, 726. 23 
Interest earned from Jan. 1 to Dec. 31, 1922____________ shes 803. 23 

Deposited bymatives ind 0222). 8, 910. 48 

11, 939. 94 

Withdrawn by natives in. 19222--=-=---_______ 106. 00 

Balance on hands DeexSi no22e eee eee 11, 833. 94 
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An itemized statement of the account showing the individual 
balances of the natives follows: 

Pribilof Islands natives’ savings accounts in custody of U. S. Commissioner of 
Fisheries, as trustee, December $1, 1922. 

St. Paul Island: St. Paul Island—Continued. 
Bourdukofsky, Appol- Merculieff, Paul A.*_____ $16. 07 

Nomis: SSN et AP at 95. 92 Pankoff, Agrippina _____ 250.10 
Bourdukofsky, Peter ___ . 90 Pankoff, Maria M_.____ 45. 74 
Fratis, Agrippina ? _____ 98. 57 Sedick, Feofania *______ 14. 26 
TTAtIS; Aa 477.58 Sedick, Lavrenty _-_____ 14. 26 
WIGS. Weather eee ee 98. 55 Sedick, Leonty _________ 14. 26 
Fratis, Iuliania ?_2.-___ 98. 55 Sedick, Marina_________ .38 
Gromoff, Iuliania ______ a0: 2 Tetoff, Vikenty M______ 45. 73 
Kochutin, Alexandra*__ 4,516.02 | St. George Island: 
Krukoff, Ekaterina____.. 209.98 Borenien, Zoya *________ 250. 47 
EN KO, PLUle te <3  - 9. 43 Galanin, Mary ~________ 3D. De 
Mandregan, Alexandra Lestenkof, Michael _____ 138. 67 

AEST as 2 Esha be se 10. 83 Merculief, Agrippina __- 19. 40 
Melovidov, Alfey_______ 45. 73 Merculief, Joseph _____- 35. 78 
Melovidoy, Anton ______ 3. 89 Merculief, Polyxenia____ 19. 70 
Melovidov, Iosef________ 45. 73 Merculief, Stefanida *°___ 4, 618. 52 
Merculieff, Agafia _____ 40. 99 Shane, Michael_________ 41.45 
Merculieff, Dosofey_____ 40. 99 Zacharof, Emanuel_____ 45 
Merculieff, Makary_____ 40. 99 SSS 
Merculieff, Mariamna___ 68. 31 Oba eee eee. a 11, 883. 94 

PAYMENTS FOR TAKING SEALSKINS. 

Continuing the practice of preceding years payments to certain 
persons engaged in the taking of sealskins in 1922 were made from 
funds advanced by the department’s selling agents, the Fouke Fur 
Co., who were reimbursed subsequently from proceeds of sales of 
skins. The funds were deposited in a bank in Seattle and made pay- 
able to the order of the bureau’s authorized and bonded agent at the 
Pribilofs. From these funds the natives of the Pribilofs were paid 
at the rate of 50 cents for each sealskin taken, four native foremen 
were given $200 for additional services, and the salaries of a num- 
ber of sealing assistants and the wages of some natives from Un- 
alaska and elsewhere temporarily employed at the islands were paid, 
the amounts earned by these persons being as follows: 

SHlmniosvai scaling assistants ty iee estes toes ee $13, 364. 15 
Wages of temporary native workmen___-~~--_-~__------~~_ 19, 729. 80 
Amon earned. iby-Stassaul natives = = ses ve ee asp ab ¢Gyasl) 
Amount earned by St. George natives____________________ 2, 660. 50 

i to) 7) oom OPM Ase A. eye Teh EN shez vet dos EY eee eres er asi 48, 871. 95 

St. Paul Island.—For the 26,035 sealskins taken on St. Paul Is- 
land in the calender year 1922 the resident natives received 50 cents 
per skin and in addition two foremen received $50 each for special 

1 Deceased. 
2 Not living on island in 1922, 
s New account, 
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services. ‘The natives were divided into classes according to their 
ability and work, and payments were made as follows: 

Payments to St, Paul natives for sealing operations, calendar year 1922. 

| 
A : Number) Share of : . Number) Share of Classification. ATaneRE Il Goths Total. Classification. otaainiiltedch . Total. 

HATSECIASS= 2 sees eee 27 | $343.50 |$9, 274.50 || Special class..........- 1] $25.00 $25.00 
Second class........0.-- 5 | 274.00 | 1,370.00 || Two foremen (addi- 
mHING! CLASS. 325. s<cc0e 4 5 | 222.50 | 1,112.50 tional compensation)|.........|-.--.-.-- 100. 00 
Fourth class..........- Sal alee) 514. 50 | | _—___ 
Pifth class...--.....:.. 4] 137.50 550. 00 Totaleero on cncciate AT Ncw tapaenere 18, 117. 50 
DIXCHICIASS). ..coecewebe 2 85. 50 171.00 

St. George Island.—For the 5,121 skins taken on St. George 
Island in the calendar year 1922 the resident natives received 50 
cents per skin, and in addition two foremen received an aggregate 
of $100 for special services. As on St. Paul Island payments were 
made in accordance with rated ability and work. 

Payments to St. George natives for sealing operations, calendar year 1922. 

| | Sects Number: Share of : P Number) Share of 
Classification. gerterihl caEee Total. Classification. ation eaebe Total. 

MiTshCLASS- acemeesiceee- 18 | $93.00 |$1, 674.00 || Boy’s class..........-- 1} $10.00 $10. 00 
Second class--..- se. - 4 75. 00 300.00 || Two foremen (addi- 
‘Thirdiclasss-s-.c.sseee 6 65. 00 390. 00 tional compensation)|.........|.--..-.-- 100. 00 
Fourth class........... 3 55. 00 165. 00 | 
Fifth class...........-. 1} 21.50] 21.50 Totahe si. 772) 33 | priest: 2, 660. 50 

PAYMENTS FOR TAKING FOX SKINS, 

The natives of the Pribilof Islands are paid $5 for each fox skin 
taken. The take in the trapping season of 1921-22 was 159 on St. 
Paul Island and 574 on St. George Island, a total of 733, which 
accordingly yielded the St. Paul natives $795 and the St. George 
natives $2,870, a total of $3,665. On St. Paul Island the foxes are 
caught in steel traps, set at various places. Each native who partici- 
pates in the trapping looks after a definite number of traps and 
receives $5 for each skin that he secures. On St. George Island no 
steel traps are used, and since almost all the fox skins taken are 
secured from foxes that enter the corral at the village trapping- 
house the work is necessarily a joint operation on the part of those 
participating. ‘Consequently, the total payment for skins taken on 
St. George Island is divided among the workmen in accordance with 
what is considered the proper share of each. The funds for making 
the payments are advanced by the Fouke Fur Co., which recovers the 
outlay from the proceeds of sales of skins. 

FUR-SEAL HERD. 

QUOTA FOR KILLING. 

On May 25, 1922, the Assistant Secretary of Commerce approved 
the bureau’s recommendation that the quota of seals to be killed in 
the calendar year 1922 should be 25,000 three-year-old males. Of 
this number 21,500 were assigned as the St. Paul Island quota and 
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3,500 as the St. George Island quota. It was provided that the inter- 
island quota might be modified and that an increase or change in the 
aggregate total might be made if circumstances during the progress 
of the season should indicate such changes desirable. 
On July 17 the Assistant Secretary of Commerce, who was then 

at the islands, increased the year’s quota to 30,000 three-year-old 
males. This change was made after personal observation of condi- 
tions and after taking into account the increasing number of seals 
appearing on the hauling grounds. It was felt that the action in 
question was entirely compatible with the future welfare of the herd. 
For determination of the comparative market values of skins from 
2-year-old and 3-year-old seals the Assistant Secretary also directed 
the killing of 200 two-year-old males, as far as practicable the larger 
animals of this class—that is to say, seals whose lengths are from 
39 to 402 inches. 

KILLINGS OF SEALS. 

The total number of seals killed on both islands in 1922 was 
31,156, of which 30,002 were 3-year-old males. The other 1,154 con- 
sisted in part of the 200 large 2-year-olds taken by direction of the 
Assistant Secretary and the balance almost altogether of 2 and 
4 year-old males taken incidentally with the killing of the 3-year- 
olds. The 38-year-old class of males varies only 5 inches in length 
from the smallest to the largest, and as the length of the seal has 
to be judged by the eye before it is killed it is impossible to avoid 
killing a few that measure slightly under or over the desired size. 
Details regarding the killings are shown in the table below. 

St. Paul Island—In the calendar year 97 drives were made and 
26,035 skins, including 1 from a seal found dead and 4 from seals 
killed at odd times, were secured. 

St. George Island.—In the calendar year 33 drives were made and 
5,121 skins, including 1 from a seal found dead and 2 from seals 
killed for fox food, were secured. 

Seal killings on Pribilof Islands in 1922. 

ST. PAUL ISLAND. 

Serial . Serial 2 F Skins caer Skins Date ee Hauling ground. coviered: Date. aiuect Hauling ground. peciebale 

Feb. 4 1 | Sea Lion Rock (Sivutch) 31 || June 26 16 | Vostochni (vicinities of 
ROL. + 2ouicuweon pleas 32 Goes 8 eee 1 rocks 64 and 70)....... 312 

ay 22 Zl seee cu rs Ree tho See 75 || June 27 17. | Tolstors ees. sto. ss cast 171 
MAY 27) eeceiee WoOStOehHI ete c cock 2 Dox. 18 | Gorbatch and Reef.-..... 483 
May 29 3 | Sea Lion Rock.......... 100 || June 28 19)) Zapadni- ses... 202 
inne, 9 Pes. 8. Wostochni.’ 229. 55 -.. 1 1 || June 29 20 | Vostochni (vicinities of 
June 15 4 | Sea Lion Rock (Sivutch) 124 rocks 43, 49, and 53) 
June 20 5 | Polovina and Polovina and Morjovi (vicinity 

Cliffs ee. LLe. 23 70 ofrock 40) 2 035022 433 
Do. 6 | Vostochni (vicinities of Do. 21 | Little Polovina.......... 46 

rocks 49 and 53)-....... 304 Doze 22) | HE OLOVATIA 2 Loe a oS ecnend 282 
June 21 7 Piet ths ee eee 17 || June 30 23, | -Tolstoiseoy ssa cee kt 157 

Doo 8 Posto sso Se. eek 143 Do... 24.) Lukeanine oto ihe. Wk 48 
Do.3 9 | Vostochni (vicinities of July 1 25 | Vostochni (vicinities of 

rocks 64 and 70)....... 185 rocks 64 and 70)....... 583, 
June 22 10°} \Gorbatehss so... 026 cc235-8 105 || July 2 26\.) Reeth sue eet ta ok 1,700 

Do... 11 | -Beetzs 29 heck 16 || July 3 27 | Vostochni (vicinities of 
June 23 12'| Zapadnios Fe eos se ck 81 rocks 49 and 53) and 
June 24 1S || “Doistoisesece cae -k ee 72 Morjovi (vicinity of 

Do... 14 | Lukaninivise. 12. 24 95 FOCK AO) Fe Ss a2 160 
Do... 15 | Vostochni (vicinities of Do... 28 | Little Zapadni. ae 64 

rocks 49 and 53) and Do:t- 29 | Zapadni........ 221 
Morjovi (vicinity of July 5 30 | Lukanin....... ee 63 
rock 40). Jscccevadacea - 269 Do... Gi} Molstorvs sess. fee cee cscs 307 
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Seal killings on Pribilof Islands in 1922—Continued. 

ST. PAUL ISLAND—Continued. 

Serial . Serial , * Skins f Skins 
Date aoe Hauling ground. | Scured.||  Date- mes Hauling ground. | scoured. 

July 6 32 | Vostochni (vicinities of July 23 67 | Lukanin and Kitovi.... 423 
rocks 64 and 70)....... 554 || July 24 68 | Polovina and Polovina 

Do... 33 | Little Polovina.......... 16 Cliftsh Lee EIT Ss 320 
Do-.8 34 | Polovina......-...- Se 541 Do... 69 | Vostochni (vicinities of 

July: *7. 35 | Reefand Gorbatch...... 893 rocks 64 and 70)....... 463 
July 8 36 | Vostochni (vicinities of July 25 70 | Vostochni (vicinities of 

rocks 49 and 53) and rocks 43, 49, 53) and 
Morjovi (vicinity of Morjovi (vicinity of 
TOCK AN) pose epee 251 TOCK36)) sc aes os een ree 170 

Do... 37 | Little Zapadni--........- 13 Do... m@lalnG@otbatchics cesta sroacere 631 
Doz. 38i| Zapadnitestescs.. .-e oer 241 Dons 72 ete -i5. ee eens 435 
Do... Oo | PLOISUOlseseetas sas ceee ses 249 || July 26 73 | Zapadni and Little Za- 
Do... 40 i ukanin et -sasesetos 24 j Seo Soca sep ccceoce 222 

July 10 41 | Little Polovina......... 44 || July 27 74 | Vostochni (vicinities of 
Do 42. O1OVANA) ee ceee ee 289 rocks 64 and 70)....... 440 

July 11 43 | Vostochni (vicinity of Dies (ol LoIStolceee ee tae eae 242 
FOCKi64) Gao see cee eee Pe 692 Dow (6: | iikcanine on eee eee 82 

DOr: 44°\Gorbatch .... 222. hc52e= 372 || July 28 77 | Vostochni (vicinities of 
Do... BS ROSE cos seus eee aes 558 rocks 43, 49, 53) and 

July Losec o. From seal found dead on Morjovi ’ (vicinity of 
Gorbatcbes = 22 sees ese 1 TOCK SO) les se eck ee oser 127 

July 13 46 | Vostochni (vicinity of Dose 78 | Polovina Cliffs. ......... 19 
rock 49) and Morjovi Do:-- 79 | Polovina and Little 
(vicinity of rock 36)... 555 Polovilldscee setae 149 

Dos. ATA MOISEGIL ar aes coe 230 || July -29 S00 ¢Gorhatchine creo ees 471 
Do.. 48° Aakanine ee ee 138 Doze: SL Reet me ae coecaneaees 230 

July 14 49 | Polovina, Little Polo- July 30 82 | Vostochni (vicinities of 
vinaand Polovina Cliffs 141 rocks 64 and 70)....... 244 

July 15 50 | Vostochni (vicinities of Do... 83 Zapadni and Little Za- 
rocks 64 and 70)....... 506 Paani $y oe eee 406 

Doss 51 | Gorbatch........ 512 || July 31 84 | Vostochni (vicinities of 
Doz. 52 | Reef.... 477 rocks 43, 49, 53) and 

July 16 53 | Zapadni. . 227 weno ’ (vicinity of 
July 18 54 | Reef... 438 Z 313 TOCKIG6): . ee see ake cic 239 

Do.. 55 | Gorbatch.........------ 163 || Aug. 1 Son Tolstolez- sec eaeos anaes 103 
Do.. 56 | Vostochni (vicinities of Do... 86. | duukanint 22 IESE ee 22 

rocks 43, 49, 53) and Aug... 2 87 | Vostochni (vicinities of 
Morjovi (vicinity of rocks 64 and 70)....... 357 
rock 36) 2: 22G25sce5eee9 225 Doze 88 | Reef and Gorbatch..... 544 

Do.. 5//| LUKAnINe scsccccsiss<= as 122 |} Aug. 3 89 | Vostochni (vicinity of 
Do:. Sil OlStols. css see ace neces 230 rock 49) and Morjovi 

July 20 59 | Vostochni (vicinities of (vicinity of rock 36)... 137 
rocks 64 and 70)....... 587 Hoss? OOU i Zanadiner see ccam sence 382 

Dor. 60 | Polovina Cliffs.........- 50 |} Aug. 4 OL | lkanin = 2255 selsceence 59 
DoF. 61 | Polovina and Little Ors 92)|| SLOIStOL cop eee aeeioe acts 38 

1) UE OLOWING se oe nie tae nicl 205 |) Aug. 5 93 | Vostochni (vicinities of 
July 21 62.) Reefs stk aes ses - 142 rocks 49, 53, 64,70) and 

D 63) |NGOTDatChmace seen omeeecis 412 Morjovi (vicinity of 
July 22 64 | Vostochni (vicinities of Tock’36)\2.. 25452=-25-5 170 

rocks 43, 49, 53) and Dos 94 | Reefand Gorbatch...... 329 
Morjovi ’ (vicinity of Oct. 21 O58 *Gorbatch’ ssc -sec cose 201 
TOCKO6)eoceteee ee eee 335 || Oct. 26 96r |WReeis-dschece ec cesneeeee 215 

Doss 65 | es and Little Za- ee Nov. 1 G7) VOstochnit se ne. daaeecaee 208 
| PAaGD. .c.. cece ewe oee July 23 ra rs sn Leder Wie 299 otal cic csvecuees 26, 035 

ST. GEORGE ISLAND. 

June 8 1} North, Staraya Artil and July 15 19), Hast Clitiseae--sereesee 596 
Hast, Clifigg®s.c2tiqseck 28 || July 17 20 | Staraya Artil............ 144 

June 13 2 | North and Staraya Artil 21 || July 19 21 | Northand East Cliffs.... 606 
June 16 3 | Staraya Artil............ 14 |} July 20 22)|-Zapadnives jeeseeces sec 40 
June 17 Ad Northijecn iene Seas cok 17 || July 22 23 | North, East Cliffs, and 
June 20 By pHast Clifigese ss occ. cece 42 Staraya Artie tc 586 
June 21 Gi Zapadnilitees ese ke 8 || July 26 24a Northeast accns « eee NG» 185 
June 23 7 | Northand Staraya Artil. 73 || July 27 20 ||, AapAGUatee se seen cee == -e 50 
June 26 SijpMastiClitisheise see 81 || July 28 96) |«StarayaArtilis, +2. o-.-6 217 
June 28 9 | Northand Staraya Artil. 86 || July 29 27 | North, East Reef, and 
June 29 10)| Zapadnizss. co ssa nook 28 Wasti@litis..4. 5 28s.2-ce 303 
June 30 41 Bast: Clifise se a otec. ee 103 || Aug. 2 28 | North, Staraya Artil, 
July 3 12 | Northand Staraya Artil. 118 and East Reef........- 498 
tly SW eae From sealfound dead... 1 || Aug. 5 29)| Hast Reefisis ..2cs5.seee 61 
July 6 13 || Bast iClifisticey oe. - ces 204") Sept. Tes. =~ .|=<.2- 0 ceeeemeeeloncte Eeaack 12 
July 7 14 Aapadnivewsie sce ieee cas 63 || Oct. 20 30 | ‘North: <2. Soe eee 18 
July 8 15 | Northand Staraya Artil. 132 || Oct. 21 31 Rast Giiftsand East Reef; 119 
July 10 16)|, Bast Glifiss2@ --c.2.2.¢ 135 |) Oct. 26 32 | Northand Staraya eral 130 
July 12 17 portuand Staraya Artil. 284 || Nov. 9 33:|| Zapadnile eee cedeme eee = 3 
July 13 18, |, Zapadni-..&.\5.5.. ecccece 35 severe > iy 5, 121 

1 Seals killed for food for foxes awaiting shipment, 
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AGE CLASSES OF SEALS. 

The method by which the sizes of male seals of the various age 
classes have been determined has been described in previous reports. 
For convenience the limits of these age classes are shown in the fol- 
lowing table: 

Age standards of body lengths of male seals, Pribilof Islands, 

Lengths of | Lengths of Lengths of | Lengths of 
Age. summer seals.| fall seals. Age. summer seals.| fall seals. 

Inches. Inches. : Inches. Inches. 
Yearlings.............| Up to 36.75 | Up to 38.75 || 4-year-olds.. 46 to 51.75 48 to 53.75 
2-year-olds.......- ---| 37 to 40.75 39 to 42.75 || 5-year-olds. - 52 to 57.75 54 to 59.75 
3-year-olds...........-. 41 to 45. 75 43 to 47.75 || 6-year-olds-. 58 to 63.75 60 to 65.75 

Ages of seals killed on Pribilof Islands, calendar year 1922. 

Summer Fall 
(Jan. 1 to Aug. 5). (Aug. 6 to Dec. 31) Total for year. 

Age. 

St. St. St. St. St. St. Both 
Paul. | George. Total. | pau. | George.| Tot | Pau. | George.|Islands. 

Wearlings! -. oc. 38S-ns ee oes Statue Stes Silden meee ees es ciel bectcntt. Blo secses 8 
P-VOAE-OlUS- corie aces sence 510 26 536 17 13 30 527 566 
e-year-OldS...s5s5ece0=Seune Je 24,398 | 4,755 | 29,153 602 247 849 | 25,000 | 5,002 | 30,002 
A-yoar-OldS.- occcececnc causes 416 45 cy hel es 10 10 416 55 471 
U-VCRI-OlGS, asc otinc sic ciscs semis 8 1 QMS caalaciecemcc|eesesscn 8 1 9 
G-yearT-OldS! co: 2st eee s ail eseee cee As | ee seesaleces ease tsan ene gS 5 Be cece 4 
7-year-olds and over.........|.....--. 2 2: | oer 1 A eee 3 3 
OVS itera canine cea onan ce 67 20 87 5 1 6 72 21 93 

11 Eas See ae 25, 411 | 4, 849 | 30, 260 624 272 896 | 26,035 | 5,121 | 31,156 

1 The few cows reported above, less than one-third of 1 per cent of the total taken, were accidentally and 
unavoidably killed. Every possible effort is made to avoid the killing of cows, but persons familiar with 
Figen d a toa are will readily appreciate that in handling such a large number of seals a small number 
of cows will be 5 

BRANDED SEALS. 

Only one of the seals branded when pups in 1912 was secured in 
1922. The animal was taken on St. George Island at North rookery, 
October 20, 1922. Data were secured as follows: Length, 762 inches; 
total weight after bleeding, 283 pounds; dimensions of green skin, 
80 by 51 inches; weight of skin, 41 pounds. 

WASHING AND BLUBBERING SEALSKINS. 

In 1922 the Fouke Fur Co. carried on its work of washing and 
blubbering sealskins on St. Paul Island on a more extended scale 
than in previous years. A permanent building, 70 by 42 feet, con- 
structed for this work, was used. It is known as the washhouse and 
contains five large wooden tanks, in which the skins to be blubbered 
are first washed and cooled in salt water pumped from the beach 
near by, facilities for 10 men to work at blubbering, and a power 
wringer to extract surplus water from blubbered skins. 

The freshly taken sealskins are brought to the washhouse, where 
they are placed in the tanks and quickly chilled by running sea water 
to below 40° F. All dirt and other foreign matter are removed by 
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the free use of a pressure hose. The blubber is removed from the 
pelts by dull, curved knives, the operation being called blubbering. 
The skins are then run through a large wringer to extract surplus 
water and are then packed in salt for curing. 

The blubbering of the skins before they are salted makes it pos- 
sible to skin the seals in a more expeditious manner. Formerly the 
skins had to be removed by cutting away every portion with a knife. 
They could not be pulled off without leaving too much blubber on 
the pelts to permit their being cured in salt. When the pelts are 
blubbered “before they are salted, however, the amount of blubber 
adhering to the skins at the time of removal from the animals 
is immaterial. Skins that are to be blubbered before salting are 
now removed by pulling them off the carcasses after a few cuts have 
been made along the lines that become the edges of the pelt, thus 
eliminating the former more or less frequent and practically un- 
avoidable cutting of pelts. Another advantage claimed for the 
blubbering of skins before salting is that the time required for 
curing is greatly reduced, thus insuring complete curing before any 
decay starts. 

In 1922 there were washed on St. Paul Island 15,752 skins. Of 
these 15,748 were blubbered and 4 were placed in salt without blub- 
bering for experimental purposes. The washing and blubbering of 
sealskins was not undertaken on St. George Island in 1922. It was 
thought best to develop the work thoroughly on St. Paul Island 
first. 

CENSUS. 

The census of the Pribilof fur-seal herd was again taken by Ed. 
ward C. Johnston in 1922. His report is printed in full on pages 
111 to 118. The two counting towers used on Reef rookery in 1921 
and nine more erected in the spring of 1922—two on Little Zapadni 
(St. Paul), three on Zapadni (St. Paul), three on Vostochni (St. 
Paul), and one on Staraya Artil (St. George)—were used. For the 
first time in a number of years the pups were counted on all the 
rookeries. Conditions made it impossible to enumerate every pup, 
but at least 95 per cent of all were actually counted. 

The following is a comparative statement of the numerical 
strength of the various elements of the herd in the years 1912 to 
1922, inclusive: 

General comparison of recent censuses of the seal herd on Pribilof Islands. 

Classes. 1912 1913 1914 1915 1916 

Harem bulls! 2234) 2 3.3. GSE. eee beecreset ese 1,358 1, 403 1, 559 a 3 | 3, 500 
BEAN Cows. ok: 2 stake es eee 81/984 | 923269] 93,250] 103,527] 116,977 
Tdlerbults-2 =.  .2s2t.. Se See cee ee 113 105 172 673 2, 632 
Young bulls (chiefly 5-year-olds)...........---------- 199 259 1658) ssendblese| cancers 
G-year-old,males: ooo 8 os ee ee ene ae oc nee | soem eee al tare cee tolls aiesta’s cetantcl Seietaterta 11, 167 
S-yeat-olumales ss! eles ee ee aa ae sees eee eerie eC peta ect neseriaae ate 11, 271 15, 494 
AaVERT-OlG) IN AICS oo. it eS ed eneetrtns = anion 100 2,000 9, 939 15, 848 15, 427 
3-year-old males 
2-year-old males 
PV GATIIN PRIMI ALGS: Soot nee meee Sere Se la-tors erence setts wae 13, 000 20. 000 23, 068 30, 307 33, 645 
ZVear-Old) COWS=- coca nseee nana ee aiees 11, 000 15, 000 17, 422 23, 990 24, 245 
RYGarlin gicOwS=s came ae > einen aoe 13, 000 20, 000 23, 067 30, 306 33, 646 
PODS a2. Sere eee ae ae eee es wees Tene meteors 81, 984 92, 269 93,250 | 103,527 116, 977 

WOtaL sees eo sese cee needa wdte seein macteeate 215,738 | 268,305 | 294,687 | 363,872 417, 281 

we 
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Fig. 15.—Delivering sealskins at washhouse, St. Paul Island. 

Fic. 16.—Blubbering sealskins, St. Paul Island. 
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General comparison of recent censuses of the seal herd, etc.—Continued. 

Classes. 1917 1918 1919 1920 1921 1922 

HATE PWNS see teeccas pose sade coeecescs 4, 850 5, 344 5, 158 4, 066 3, 909 3, 562 
BTGOUIR CO WSeee me aeceacasectden caesicncecs 128,024 | 142,915 | 157,172 | 167,527 | 176,655 185, 914 
pet ayo roid 0) 04 1 a PACS 17, 110 , 619 11 f , 346 

sill eee ee eee aL ool ek 2D 2, 706 2, 444 2, 239 1, 161 747 508 
eyoar-old maless.. ss 5ee ts Ce oo ee 15,397 | 18,755 8,991 4,153 3,991 3,771 
Peyedr-Oldrmn dleSsc boos fac so ote wissen = obs 14,813 | 11,941 5, 282 5, 007 4,729 6, 080 
A-VOAT-OGMNAIGS: ete e sco o cece scceee 16, 631 7, 114 5, 747 5, 667 6, 780 11, 807 
eVear-Old MAES! << cos ne ean nese esencs 19, 507 9,117 13, 596 10, 749 14, 668 7,459 
Seveutedid males: 2° tata hana: hale 8 26,815 | 30,159 | 33,081] 39,111] 41,893 40, 920 
Meanlineinales.. 351.2 toa 38,013 | 41,595] 46,444] 51,074] 50,249 52, 988 
P-VOaL-Old! COWS. ~ .. 1. Gacteaemed base cee te 26,917 30, 415 33, 287 39, 480 43,419 46, 280 
Weanle= COWS oe eee et ee 38,018] 41,608} 46,447] 51,081] 54,447 57, 413 
Biases. ict ods corset Asche = wo Shs 128,024 | 142,915 | 157,172] 167,527] 176,655 | 185,914 

Ota scenes menace sateaces <5 sccss 468,692 | 496,432 | 524,235 552,718 | 581,443 604, 962 

CHARTING OF HAREM AREAS, 

In connection with the census the harem areas were platted on the 
Coast and Geodetic Survey charts of the rookeries. This was done 
at the time the harem counts were made, which was at the height 
-of the breeding season. A comparison of the extent of these areas 
with that of the corresponding areas platted in 1916 shows no great 
change in size. It is not the total number of seals on the breeding 
grounds that determines the area occupied but the positions taken 
up by the harem bulls at the beginning of the breeding season. 
The number of harem bulls 1922 was practically the same as in 1916, 
and it is entirely consistent that the breeding areas should be about 
the same in the two years regardless of the fact that the number 
of breeding cows increased from 116,977 in 1916 to 185,914 in 1922. 
The increased number of cows simply increased the number of 
breeding animals per unit of breeding area. 

PHOTOGRAPHS OF SEAL ROOKERIES., 

The stations used in taking photographs in 1917 were reoccupied 
and a comparable set of views was obtained. Unfavorable landing 
conditions made necessary the omission of Sea Lion Rock (Sivutch 
rookery) from the series in 1922. Although satisfactory views as 
a whole were obtained, the maximum results were not possible be- 
cause of rain and fog just at the time when the photographs had to 
be taken if the views were to be comparable with previous ones. 

To serve as an index to the location and. direction from which 
these photographs were taken these data were platted on photo- 
graphic reductions of the rookery charts. No chart is available for 
South Rookery on St. George, as it has originated since the series 
of charts was made. 

It is expected that from the counting towers already erected for 
the census work and from additional ones to be erected a compre- 
hensive series of panoramic views of the herd may be secured, which 
will better serve the purpose of photographic records of these rook- 
eries. 

SPECIMEN SEALS. 

In 1922 from among seals found dead 16 were selected and pre- 
served as specimens, including 2 bulls, 2 five-year-old males, 2 three- 
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year-old males, 2 two-year-old males, 2 yearling males, 2 black pups, 
2 gray pups, and 2 three-year-old females. The specimens were . 
sold to the Fouke Fur Co., St. Louis, for $56. 

FOXES. 

FOX-TRAPPING SEASON OF 1922-23. 

The season’s take of fox pelts on both islands consisted of 888 
blue and 29 white pelts, a total of 917. 

On St. Paul Island trapping began December 18 and ended 
December 30, 1922. Forty-four native men engaged in the work, 
and 532 traps were used. In all 233 pelts were secured, of which 
205 were blue and 28 white. 

On St. George Island trapping began in December, 1922, and 
continued until March 8, 1923. Trapping to secure pelts ceased, 
however, on February 18 when signs of mating were observed, 
trapping thereafter being solely for the purpose of securing addi- 
tional data in regard to the breeding reserves. Including 2 blue- 
fox pelts secured in November, 1922, from animals found dead, the 
take of pelts for the season consisted of 683 blue and 1 white, a total 
of 684 pelts. The total number of foxes marked and released as 
breeders was 304, of which 147 were males and 157 females. The 
actual breeding reserve was considerably more than 304, since many 
animals did not enter the traps at all. t 
Trapping on St. George Island was again very much handi- 

capped by the prevailing warm and wet weather. Foxes will enter 
the trapping corral at the village only under the urge of hunger. 
Snow and ice cut off the natural sources of food to a large extent, and 
under those conditions the foxes enter the corral much more readily 
than when open weather makes available considerable food at other 
places on the island. 

SALE OF BLUE FOXES. 

To assist private enterprise in blue-fox farming the bureau sold 12 
live animals from the Pribilof herds in 1922. They were secured on 
St. George Island and delivered at Unalaska by the fisheries vessel 
Eider in September. The price was $175 per animal, which was 
somewhat above the current market for pelts. The animals were sold 
to the following persons: John Mattick, Seward, Alaska, 4 pairs; 
H. Whittlesey, Seward, Alaska, 1 pair; and Charles Williamson, 
Unalaska, Alaska, 2 females. From the $2,100 received in payment 
$60 ($5 per fox) was divided among the St. George natives employed 
in capturing and shipping the animals. The balance, $2,040, was 
available for the United States Treasury. 

REINDEER, 

The reindeer herds on St. Paul and St. George Islands are a valu- 
able source of fresh meat for both the bureau’s personnel and the 
natives. The herds are being drawn upon for food purposes to an in- 
creasing extent, but the number remaining at the end of each year, 
with the exception, for reasons unknown, of St. Paul Island in 1922, 
has increased. The forage is ample to support herds much larger 
than those existing at present. The animals run at large and are 

i 
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very wild, the native men of the islands not having much aptitude 
for handling them. In 1922 on St. Paul Island 38 reindeer were 
killed for food and on St. George Island 22, a total of 60. 

Reindeer herd on the Pribilof Islands, 1911-1922. 

St. Paul Island. St. George Island. Grand total. 

Year. 
Total = Total =A ms 

» | Killed ,| Killed | End of! Killed Adults.| Fawns.| end of |; Adults.) Fawns.) end of | ; Pare 
year. in year. year. in year.| year. | ir*year. 

URE) lee aia Pie ga 7 leapt lie Pietra ole Cis bal es eed 1 Ul (pepe eee C0 ee 
VOUT td: eyes tee 3 23 17 46) | att 214 11 Dey hi set tiv a Peer 
1 Seer Se: : det 434 18 Dig | sere, sap! 5 25 13 SON Ee Sele eeclh Av DOP Seas cece 
19186)2). st ao. S32 651 24 15 ed 737 21 HS he 3 Oke 138° |S. eek 
1905... {6ge rive e 65 QO eat ere 44 18 62; |i 222=be 154, bese ccmes 
PU) Ee seyret eens ie ed |S palm fe Sa get ni UL nee 54 31 85 196 2 
i et Peer ea eee 105 39 Ty a ee ee a 70 26 240 3 
112) Ee Sa RE eae Se 120 40 160 P| ae acy ee oe 114 18 274 20 
LATTA! hee GEAR 2 2h ce gl laren alates 164 nD) eerie ee 8, 123 22 287 36 
LEP) CaS ciel le oe ile el RAE ac tie 192 PFW elec SID | lee A 125 31 317 53 
Rane ae tne ale ek tak CIN perenne as a Om eae eae 160 19 410 53 

eee ea a TEN, Same HES Seer ON 190 BO |Neccenec|soctoeae 200 22 390 60 

121 females. 3 20 females. 5 21 females. 7 26 females. 
212 females. 425 females. 6 36 females. 

PRIBILOF FUR-SEAL SKINS. 

SHIPMENTS AND SALES. 

In the calendar year 1922 three shipments of sealskins, consisting 
of 31,381 commercial skins, and 16 specimen skins, were made from 
the Pribilof Islands. On July 31 there were placed aboard the 
U.S. 8. Gold Star at St. Paul Island 48 barrels, containing 2,358 seal- 
skins, of which 718 were of the 1921 take and 1,640 of the 1922. They 
arrived at Seattle August 11 and were at once forwarded by freight 
to the Fouke Fur Co., St. Louis, arriving there September 9. 

On August 12 there were placed aboard the fisheries vessel H2der 
at St. Paul Island 50 barrels, containing 2,601 sealskins, which were 
taken to Akutan and placed aboard the steamship Cordova. This 
vessel left Akutan August 22, and the skins were received at St. 
Louis September 19. 
A third shipment, made on the steamship Brookdale, consisted of 

334 barrels containing 21,170 commercial sealskins and 2 barrels 
containing specimen sealskins from St. Paul Island, and 103 bar- 
rels containing 5,252 skins from St. George Island. The St. George 
shipment consisted of 403 skins taken in 1921 and the 4,849 taken 
in 1922 through August 5. The Brookdale left the Pribilofs Sep- 
tember 24 and landed the skins at Seattle October 26. They were 
immediately forwarded by freight to the Fouke Fur Co., arriving 
at St. Louis November 9. 
Two sales of fur-seal skins from the Pribilof Islands—some dressed, 

dyed, and machined, and others that had not been passed through 
the full process of dressing, dyeing, and machining—were held in 
St. Louis, Mo., during the calendar year 1922. In all 30,172 skins 
were sold at auction for $924,343.05. The table below gives the 
details regarding the prices secured for each lot of skins at each of 

54940°—23-——7 
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the sales, and the table on page 99 is a summary showing the prices 
obtained for the skins in the various trade classes and the percentages 
that the number of skins in these several classes bore to the totals in 
each sale. 

April 3, 1922.—At the sale on this date 12,198 dressed, dyed, and 
machined Pribilof skins were sold for $388,069.75, an average price 
per skin of $31.81, a decrease of 3.6 per cent as compared with cor- 
responding skins sold at the last previous sale September 28, 1921. 
There were also sold 579 culls and rejects, consisting of 249 dressed 
and:dyed, 117 dressed, 121 washed and dried, and 92 raw skins, which 
brought $218.25. 

October 9, 1922.—At the sale on this date 17,194 dressed, dyed, and 
machined Pribilof skins were sold for $535,967.50, an average price 
per skin of $31.17, a decrease of 2 per cent as compared with cor- 
responding skins sold at the last previous sale April 3, 1922. There 
were also sold 164 raw, washed, and dried skins and 37 raw salted 
skins, which brought $87.55. 

Sales of Pribilof fur-seal skins at St. Louis, Mo., 1922. 

SALE OF 12,198 DRESSED, DYED, AND MACHINED SKINS, APRIL 3, 1922. 

Lot 

ono NOunr Wh 

Price 
Trade classification. | per 

skin. 

WhieSccicitnwacecseeeas $46. 00 
Bae’ GOssen preasee ees arO0 
Wigs; cut, scarred, 

ete eles ars - 29. 00 
SBOP ena sap yesintje ete 29. 50 
Extra extra large...| 63.00 
Load do... tote e-21163..00 
Extra extra large; 

cut, scarred, etc.-.| 42.50 
Extradarge. 2. 2222.) 52. 00 
teat GO. 32 SEE Oe ot 00 
bs See Obes fae cess seas) 90-0 
ees QOn decree cece sae OogOU 
saitee GOS SELLE 20h 59-00 
L QOE. oes sese cee OORDO 
Esai GOe. See See Oe sl 605-00 
Lege ed GO. a eee sted ae ul 60700, 
Extra large; cut, 

scarred: ete . Lhe 43.00 
oe ee GOs ssa8 5 hee ose 49300) 
ae Govaved s. ee EE) 44500 
Mareen essence ceca 50. 00 

Pasa GOA seewase eaen 2 no0K00 
DE RELS doy. et ee asesiF ak 50 
2 Lee Gos eee hee. sss 47000 
es Ola . S385 425249700 
a5 Opes; coke seucks t)-O0500 
sae AOe es eee ee nes eo aoU 
eae O25 bo. aes D0 s00: 
ae dias GO..3 2 kes gees 2) 000) 
see G0)... S332 5 SoSS 88 2| OK 00 
ee a G62. 45. 2455505 a3)/9/58~00 
se aera (6 oes aR eee an ert Fa a 
notice GO... jaghe- PekSs3|P5n00 
Large; cut, scarred, 
etes2t.. 455%. 322 39. 00 

Semis GO. se csccceses.| 41100 
statets GOs scent eee eee | calco0 
Medium ..........5.- 41.00 

Foes 3 *6 ORE eRe e tae ie Ose) 
ase Orne . SEERA) 37150 
dea ions ts ove RO AEN ONES G) 
wn oe (u Cook AR RO ie eagle UG) 
Uy F. dos. -b322. fg-b..-| 86.50 
ae ee One eee eee eee ee Poona 
ohS dot. OLOS . 37.50 
pers GO pe edioe pee ee anaes 2. 
eres GOS ees Ee NT OU 
Seer GOns-ncccaerecweelacor Un 

Total 
for lot. 

$2, 300. 00 
1, 880. 00 

1,450. 00 
1,475. 00 

ESearesze! 

SSsess 

Ss 

a eer 

bOnNWSS S 

RAASSSS 

i=) i=) 

Ce oe Ce Co GO SO OO OO ee PPR Re 

i=) o 
=In1O1O mM Oh 

~) SRO CA Ee CO )NS re 
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Num- Price 
ber of} Trade classification. | per 
skins. skin. 

GOW EK Mediuim = .6.seeecsee $37. 00 
O07 see GOee nec seme cece 36. 00 
90) See GOL aeeo te awake 36. 50 
DOU a= Co Ko Ok ot is © oe 8 Pte 36. 50 
90) | Gece (6 0 ee ea Se 38. 00 
90) HE GOr.ceet Sesser 37. 00 
90 |sed.5 6 OEE Ce sr aes 38. 00 
908) Sacer: GOns aS Sceteetiace 37. 00 
901/652. (ho aan eae 37.00 
90:1 4-2 Os se cee Eee wins 36. 00 
904.25. G02 es 38. 50 
90) Ee dee dozsé Au.2p hae 39. 00 
900 )Leas OG ste wehpe Sie arene 37. 50 
9034. 24 do-. h.t ee 37. 50 
Ue eee GOs. Foo ac Sedioos 37.00 
90/27 COs Ass 2 et 37.00 
90 Fiscer- AG: fess eras eie 37. 50 
90) |se2ee (Ko ee A eS 37. 00 
OO" Sees Go. Free eee spss! 38. 00 
90 eos doze: Sees see: 37.00 
90 ead: d0.42..44282 2 22 37.00 
SOM is aee Cote Ae eee | 36. 00 
EON Be GOs ee shotees sae 37. 50 
905] -4.13- Gor. Fre Oyasee se 37.00 
9) | Medium; cut, 

k . «Scarred, ‘etes jo! .7 30. 00 
OOF Facts AO; . -peeosp eases 26. 00 
SOT erdere GOt: Sesser seat -6. 00 
OO} Se: dos. Sis h8 45.2043 26. 50 
90 ean Os) 2ca5. sone ae 26. 00 
DOA. See GOA ci eemece set 26. 00 
Oe eae ae (0 Koyo a cea ee 26. 00 
OD) es ree Cie e aa eeeheer SE 26. 00 
ODP). zect- Gone wes. cese 26. 50 
90 |ecee- GO Meee acesmcioe 26. 00 
90/20. dGGetde A tENE 26. 50 
90 |. .-2- Voy Bee Se Ss ee 26. 50 
90) 5222 OG a see ese 26. 50 
DOD sas GO-g225..28422 be £6. 00 
903 ocue = COneoen ass cemeece 26. 50 
GONE a AOL wis SAGs aoe 26. 50 
(eye) ae GOs faa S one cemeae 26. 50 
go] Ee hoe On ENE ae 26. 50 
90 | Small medium....... 28. 50 
OU gs oe GO" soe ans eae teers 27.50 
907) 3 do. stsseRELeee 28. 50 
G0 ae One cepts. aeeeeee 28. 50 
00'S EA Ate coor 28. 50 
90) ewan G0 lesccs- ee ce cmeel OnOU 

Total 
for lot. 
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SALE OF 12,198 DRESSED, DYED, 

ALASKA FISHERY AND FUR-SEAL INDUSTRIES, 1922. ov 

Sales of Pribilof fur-seal skins at St. Louis, Mo., 1922—Continued. 

AND MACHINED SKINS, APRIL 3, 1922—Contd. 

at Num- Price u Y fl Price Total 
No. |ber of Trade classification. er o, ber of} Trade classification. | per | 45, 7, re 

skins. skin. * Iskins. skin. 

94 90 | Small medium...... $28.50 | $2,565.00 Large; cut, scarred, |$37.50 | $1,387.50 
95 OO |ez. <2 Oe seticesis ae 29.00 | 2,610.00 te. 
96 NOD as..40 OD sscswocnascing 28.00 | 1,960.00 || 140] 80] Medium............. 35.00 | 2,800.00 
97 90 | Small medium; cut, Medium; cut, scarred, 

searred,.ete.=---.-. 23.50 | 2,115.00 EORC jsyos 8 26.50 | 2,120.00 
98 90" Is. GOES sas sie'm aie ais 22.50} 2,025.00 22 medium, 15 small 
99 nl eae C2 ee ae 22. SO |s2, 025,00! |] thts ees (em med... = 26. 50 980. 50 
100 90 |..-.- WO ees co 22.50 | 2,025.00 16 medium; cut, 
101 90) 13.2: ODE casscnicinin ns 22.00 | 1,980.00 ete., 12 
102 . 2,025.00 medium; 
103 2,070.00 pat, scarred, etc...} 21.00 588. 00 
104 2,025. 00 6. 50 325. 00 
105 2, 025. 00 6. 00 300. 00 
106 1, 980. 00 5. 50 275. 00 
107 1, 980. 00 5. 50 275. 00 
108 525. 00 5. 50 275. 00 
109 ~ 500.00 5. 50 275. 00 
110 0. 300. 00 5. 50 275. 00 
lll 50 | III, 31 extra large, 6. 00 300. 00 

Pees SG eae 15.50 775.00 6.00 300. 00 
112 80 | Ill, 37 medium, 43 6. 50 325. 00 

small medium..... 11.00 880. 00 6. 00 300. 00 
113 DO) FLVAWIPS sc... sae 5. 00 100. 00 6. 50 325. 00 
114 DOM OWES. <.os05-05550c5 60.00 | 3,000.00 6. 50 325. 00 
115 Bee (Ca ae a eee 58.00 |} 2,900.00 6. 50 325. 00 
116 UN Fide - GO. 2s ess acscccss 58.00 | 2,900.00 7.00 350. 00 
117 58 ou Joab asaseseee 53.00 | 3,074.00 6. 50 273. 00 
118 50 Wigs;cut,scarred,ete, 29.50} 1,475.00 Ill, 14 extra extra 
119 Ot S554 C0e= 32225255 c5008 28.50 | 1,425.00 large, 4extralarge, 
120 50 ie 2s OSs sees a 28.50 | 1,425.00 7 large, 5 medium, 
121 SO See oe TSE eae 29.00} 1,450.00 25 sp all medium. .| 13.50 742. 50 
122 | See GO: 26 seins Js sigsciot 28.00 | 1,400.00 75. 00 
123 DO ses 28 M0: ... 52. 2ste chaz 28.00 | 1,400.00 100. 00 
124 50 ||3:= =\3 Gtr nese as 28.50 | 1,425.00 100. 00 
125 Cp eee Oe cin ssa idnasaiald 29.00 | 1,450.00 75. 00 
£26)" 50.|22--3 “1 ee eS 30.00 | 1,500.00 112. 50 
127 BD |s2ts2 Olen ee mcene ene 29.00 | 1,450.00 150. 00 
128 50 fete MOls =o ons c55 e555 | 29.50 | 1,475.00 112. 50 
129 22 da. 2 ch eee 31. 50 693. 00 112. 50 
130} 33 | Extra extra large....| 62.00 | 2,046.00 75.00 
131 50 | Extra extra large; 75. 00 

| cut, scarred, etc...| 44.00] 2,200.00 87. 50 
132 20 \Er ee MO: Fone oo aon es 43.50 | 1,174.50 75.00 
133 44 | Extra large.......... 57.00 | 2,508.00 87. 50 
134 50 Extra large; cut, IV, 28 wigs, 8 extra 

(fe Searred ete:-22--.<= 41.00 | 2,050.00 extra large, 2 extra 
135 23 | s5=4 oe Ee, See 40. 00 920. 00 large, 2large ...... 1.50 60. 00 
136 DO PINAENG «8 coon onot ees 48.00 | 2,400.00 Skins, damaged...... 8. 25 222. 75 
TBH 25 | cds oe 7 (besa ee | 53.50 : ——— 
138 50 Large; cut, scarred, 388, 069. 75 

S| 1 Oe ee eee 35. 00 

SALE OF 579 MISCELLANEOUS SKINS, APRIL 38, 1922. 

j | 

176 72 | Dressed and dyed....| £0.50 | Washed and dried-..| $0. 25 $30. 25 
LAC Ne Fl SES lor Atessssseecies |} .00} 88.50 |) 180) 92) Raw-..-............ - 054 5. 00 
RPA eetl se | TOSSOG---= 5o=ee=see - 50 —__— 

218. 25 

S, OCTOBER 9, 1922. 

Ko OMANI oS one iad 

50 | Vk eee - 00 
50 12233 Oro pseenee oes - 00 
50 | Wigs; cut, scarred, | 

Pres Sae ER ros oe oe 32. 00 
50 |..... grace eran nee 32. 50 
39 |...-- Ges pasa waco oe | 34.50 
60 | Extra extra large 59. 00 
60 |-+e+- BGs rashes tec eee 60. 00 
68 | 223 BOs542. een ee 62. 00 
60 | Extra extra large; 

cut, scarred, etc....| 39.00 
Ug es ae eA 41. 00 
Me \onnnOOonasuns vaman a --| 43.00 

we 33 

He CO CO et et et w wees vw 

WD NDOIwWAam wo 5 

888 888383 S8 

SSSRRS 

eee 

i , 130. 
Case eee i 56.00 | 3,920.00 
ee Seems 56.00} 3,920.00 
See Ses 56.00} 3,920.00 
AE TOS Sree at 59.50] 4,165.00 
ET ERE ams BA 60.00 | 4,200.00 
Ae A ee ae 61.00] 2,684.00 
Saad aoe ne tae 59.00 | 2,596.00 

large; cut, 
..| 39.00] 2,7 0.00 

eee ee 37.00] 2,59u.00 
Sti ete ashe 36.00 | 2,520.00 
Boacceonce arse 40.00 | 2,800.00 



98 U. S. BUREAU OF FISHERIES. 

Sales of Pribilof fur-seal skins at St. Louis, Mo., 1922—Continued. 

SALE OF 17,194 DRESSED, DYED, AND MACHINED SKINS, OCTOBER 9, 1922—Contd. 

Num- Price Num- Price 
Lot A 4 Total Lot ‘ : Total ber of| Trade classification. er ber of} Trade classification. | per 
NO-| Kins. ee. for lot. ||No. |ing. skin, | for lot. 

24 70 | Extra large; cut, 100%] .-90;|¥Medium: 72222222) ~ $34. 50 | $3, 105, 00 
scarred, etc....-.-- $29.00 | $2,730.00 || 101 90 d é 2, 970. 00 

25 62) \ecee (alloy Re oe TE 38.00 | 2,356.00 || 102 2,970. 00 
26 3,840. 00 || 103 3, 015. 00 
27 3,760.00 || 104 2,970. 00 
28 3,840.00 || 105 2, 925. 00 
29 3, 880. 00 || 106 2, 880. 00 
30 4,040.00 || 107 2, 925. 00 
31 3, 760. 00 || 108 2, 835. 00 
32 3,680. 00 || 109 2, 835. 09 
33 4,000. 00 |} 110 2,745. 00 
34 3,880.00 |} 111 2,745. 00 
35 3,680.00 || 112 2, 745. 00 
36 3, 840. 00 |] 113 2, 745. 00 
37 3,760. 00 || 114 2, 745. 00 
38 3,680.00 |) 115 3, 150. 09 
39 3,840.00 || 116 2,925.00 
40 3,960.00 || 117 2, 835. 00 
41 3,600.00 || 118 2, 835. 00 
42 3, 840.00 || 119 2,745. 90 
43 3,640.00 |} 120 2, 835. 00 
44 3, 720.00 || 121 2,790. 09 
45 3,680.00 || 122 2,745 00 
46 3,600.00 |) 123 2, 745.00 
47 3, 760.00 || 124 2, 700. 09 
48 3,680.00 || 125 2,790.09 
49 3, 760.00 || 126 2,835.09 
50 3, 800.00 || 127 2,700. 00 
51 3,920.00 |} 128 3, 735. 00 
52 3, 840.00 |} 129 1,675 00 
53 3,680.00 || 130 1,675. 00 
54 3,880.00 || 131 90} Medium; eut, 
55 3, 800. 00 Scarred; ete--~---.% 20.00 | 1,800 00 
56 3,680.00 |} 132 1,890 00 
57 3, 800. 00 |} 133 1,890 00 
58 4,560.00 || 134 1,935 00 
59 3,504.00 |} 135 1, 845. 00 
60 2,880.00 || 136 1, 845. 00 
61 2,920.00 || 137 1, 845. 00 
62 | 2, 800.00 || 138 1, 710.00 
63 2,720.00 || 139 1, 980. 00 
64 2,720.00 || 140 1, 800. 00 
65 2,600.00 || 141 1, 800. 00 
66 2,640.00 || 142 1,935. 09 
67 | 2,600.00 || 143 1, 890.09 
68 | 2,560.00 || 144 1, 935. 00 
69 2,680.00 || 145 1, 890. 00 
70 2,640.00 || 146 1, 755. 00 
71 2,600.00 || 147 1, 980. 00 
72 2,600.00 || 148 1, 800. 0) 
73 2,600.00 || 149 1, 755. 09 
74 2,600.00 || 150 1, 755. 00 
75 2,640.00 || 151 1, 755. 00 
76 2, 760.00 |} 152 1, 755. 00 
77 2,640.00 | 153 1, 935. 00 
78 2,800.00 | 154 1, 800, 00 
79 2,760.00 | 155 1, 935. 00 
80 2,680.00 | 156 1, 755. 00 
81 2,640.00 | 157 1, $45. 00 
82 2,640.00 | 158 1,710. 00 
83 | 1,560.00 | 159 1, 755. 00 
84 1,621.50 | 160 1, 800.00 
85 | 3,150.00 | 161 | 1,890 00 
86 | 3,105.00 | 162 1, 800. 00 
87 3, 240.00 | 163 1, 800.00 
88 3,060.00 | 164 1, 800. 00 
89 | 3,150.00 | 165 1, 800. 00 
90 | 3,060.00 | 166 1, 800. 00 
91 | 3,015.00 | 167 1, 845. 00 
92 | 3,060.00 | 168 1, 845. 00 
93 3,015.00 || 169 1, 845.00 
94 | 2,970.00 || 170 1, 890. 00 

95 2 925.00 171 ir, 890. 00 

| a nen 172 1, 935. 00 
96 e , 060.00 173 1, 845. 00 
97 | 2,925.00 |} 174 1, 822. 50 
98 | 3,060.00 || 4175 1, 845. 00 
99 | 3,060.00 |} 176 1, 113. 00 



ALASKA FISHERY AND FUR-SEAL INDUSTRIES, 19 99 aml 

Sales of Pribilof fur-seal skins at St. Lowis, Mo., 1922—Continued. 

SALE OF 17,194 DRESSED, DYED, AND MACHINED SKINS, OCTOBER 9, 1922—-Contd. 

Tok Num- 

99 

E 3 Total ; : Total 
ber of| Trade classification. ber of} Trade classification. | per NO.|kins. for lot. |] No. Sane. skin, | fF lot 

177 90 | Small medium....... $1, 890. 00 || 199 90 | Small medium; cut, 
yell. Ch eae io eee aeae Gy 1, 890. 00 scarred, etc.......- $17.00 | $1,530. 00 
179 Di tec -e GO. as. tb ate. st 2,115. 00 |} 200 El os (G10 AS epee ety Ratha 15. 50 1, 395. 00 
180 1 tel ee 10k; Re eee Salers 2,160.00 |) 201 a eee TO coe eee See 17.00 | 1,530.00 
181 (1 oe Godeese ee Pi ee 2,250. 00 || 202 LEU eek eae Cos .eeseee et 16. 50 1, 485. 00 
182 OOnikacsz GO See eS ete 2, 205. 00 || 203 ODE aes 2 COLen as sae eee 16. 50 1, 485. 00 
183 90) jas@-% olen se.) eee s. 2, 250. 00 || 204 Oey sea GOLe. SamsRekaeres 16. 25 861. 25 
184 £7 Ue homtea bs Girth Baas + See 2,340: 00 |} 205 Sal noes TRE: pene 16. 75 887. 75 
185 Oe doe 22 2,475. 00 || 206 SUM MELE S se * see aee 10. 50 525. 00 
186 OD) |S ase Gey Bo eee eee oe 2, 430. 00 || 207 St) peace Goris. aan, 14. 50 565. 50 
187 AD oe Se okey Sean aera 1,107.00 || 208 52 | III, 16 extra extra 
188 90 | Small medium; cut, large, 36 extra large.| 16.50 858. 00 

scarred, etc........ 1, 440. 00 || 209 C55 bes Le eee IE gh 12. 50 787. 50 
189 1,350. 00 |} 210 60 | IIf medium.. .-| 13.00 780. 00 
190 1, 440. 00 || 211 OY fod [arerea te 310 ee tebe pala 11.50 655.50 
191 1, 552. 50 || 212 63 | III small medium...} 8.50 535. 50 
192 1, 575. 00° || 213 33 | IV, 22 wigs, 1 extra 
193 1, 485. 00 extra large, 2 extra 
194 1, 440. 00 large, 5 large, 1 
195 1,597. 50 medium, 2 small 
196 1, 485. 00 medium fas=oe5 oe 7. 50 247. 50 
197 1,530. 00 te Oe pS 
198 1, 552. 50 17,194 535, 967. 50 

SALE OF 201 MISCELLANEOUS CKINS, OCTOBER 9, 1922. 

Tak ete J Total || 7,4 |Num Prive inves 
No.l. iof Description. for No. |ber of Description. per ae fl 

; ae lot. * |skins skin. 

215 | 164 | Raw; washed and 216 Of) Raw saltedoose. oc. $0.15 $5. 55 
GnedE sess c2 0 ta hc8 $82. 00 —_—_—__—___ 

201 87. 55 

TT  n——— 

Comparative values by sizes and arades, with percentages euch size, of Pribilof 

Classes and Grade: Num- 
sales. 

Oct. 9... Ill 

Extra extra | 
large: / 

Apr. 3... 

Oct. 9... 

Extra large: 

Apr. 3... 

sealskins sold in 1922. 

nSS2-KF3 nresS-azs Ssssssses ssssss 

2,590 |$16.63 | $43, 074. 50 

10, 926. 00 

15, 306. 50 

16, 963. 50 

46, 650. 50 

45, 870. 00 

20. 27 

2.01 

2. 36 

1. 94 

7. 23 

5. 51 

Total 
Aver Aver 

Low age Total. oa age 

$46. 00 |$53. 81 | $16, 054. 00 
28,00 | 29.01 | 19/493, 00 
6.50 | 6.67] 6,148.00 
1.50| 1.98| 1,379.50 

51.00 | 51.00 | 5; 100.00 
32.00 | 32.88} 4,570.50 
10.50 | 1225 | — 1,090.50 |f 350 | 31.22 
7.50 | 7.50 165. 09 

62.00 | 62.78 | 9, 605.00 
42.50 | 43.30] 5,499. 50 
13. 50 | 13.50 19.00 |f 302 | 50.68 
1.50] 1.50 12.00 

59.00 60. 40 11,356.00 
39.00 | 40.42] 5,336.00 
16.50 | 16.50| 264.00 |f 237 | 50.34 
7.50 | 7.50 7. 50 

52.00 | 56.36 | 34, 043.00 
40.00 | 42.65 | 12/070. 00 
13.50|15.27| ‘534.50 |¢ 24 | 50-49) 
1.50 | 1.50 3,00 

56.00 | 58.14] 29,535. 00 
36.00 | 38.17 15,728. 00 || ciel Gaerne 
16.50 | 16.50 594.09 8 | 47.8 
7.50| 7.50 15. 00 | 



100 U. S. BUREAU OF FISHERIES. 

Comparative values by sizes and grades, with percentages each size, of Pribilof 
sealskins sold in 1922—Continued. 

Classes and 
sales. 

Large: 

Apr. 3... 

Oct. 9... - 

Medium: 

Apiaoee 

Oct. 9... 

Small medi- 
um: 

Apr. 3... 

Oct. 9... 

Skins dam- 
aged’ 

Apr. 3... 

Culls and re- 
jects: 

Apr.:3. 2: 

Oct. 9.-.| 

All classes: 

Grade. wu High. | Low. 

(eanaetl: -e: 1,115 |$55. 00 |$47. 00 
Catneteses. 5 327 | 41.50 | 35.00 
1 eepese ate ne 26 | 15.50 | 13.50 

INVES ieee Z|) ole oOs| fake nO) 
Wandin ses 2,713 | 57.00 | 45.00 
WG Soe oconee 1,935 | 36.50 | 32.00 

JOT Wes cae 3 agen: 63 | 12.50 | 12.50 
LV sees Dp ey. 50a" (d.50 

Manage. 22 3,252 | 41.00 | 26.50 
Cut, ete... 1,716 | 30.00 | 21.00 
UTE ay alee Spek 42 | 13.50 | 11.00 
Wangonleescs. 4,060 | 41.50 | 30.00) 
Cut eter. ss. 4,103 | 22.00 | 19.00 | 
8 epee reser Ore 117 | 13.00 | 11.50 
Virose cnaae 1 DOU Te O0u! 

GandWtic a 805 | 29.00 | 26. 50 
Cut -etes = eee 1,002 | 23.50 | 21.00 
LT a eaten 68 | 13.50 | 11.00 
Kram ie ees 941 | 27.50 | 21.00 
Cut, ete. 1,546 | 17.75 | 15.00 
19 ea 63 | 8.50[ 8.50 

WLW oe ec aarae 2d. S0 A) de 50. 

Et aeeaa saan ace 27| 8:25) 8.25 

Description. 

Dressed and 
dyedesss-20 249 | .50 - 50 

Dressed .....- LAN 850) - 50 
Washed and 

Gried=-- no" 121525 = 25 
UR Wis oie cea 92} .054]| .054 
Raw, washed 
and dried. . 164} .50 - 50 

Raw, salted. . 37 15 aD 

NeSSaye SSASSeS 

oO np ao 

$56, 657. 50 
12) 857.50 

389. 00 

Total 
num- 
ber. 

| 
eerie 
17, 395 

Per 
cent- 
age. 

11.51 

27.11 

39. 21 

Aver- Total 
age. price. 

$47. 56 | $69, 907. 00 

41.33 | 194, 910. 50 

33. 28 | 166, 738. 50 

i} 

26. 33 | 218, 013. 50 

24.62 | 46,170.00 

19.31 , 49, 284. 00 

8. 25 222. 75 

- 38 218. 25 

44 87. 55 

30. 39 | 388, 288. 00 
30. 82 | 536, 055. 05 

DISPOSITION OF SEALSKINS. 

47.61 

4. 53 

The grand total of all fur-seal skins on hand at the Pribilof Islands 
and at St. Louis on January 1, 1921, was 53,878. In 1922 a total 
cf 31,156 skins was secured and 30,172 were sold, leaving a balance 
on hand on December 31, 1922, of 54,862. The follow-ng two tables 
show the skins on hana both at the beginning and end of 1922 at 
the Pribilofs and at St. Louis, the numbers taken and shipped from 
the Pribilofs, and the numbers received and sold at St. Louis. 



ALASKA FISHERY AND FUR-SEAL INDUSTRIES, 1922, 101 

Summary of all fur-seal skins handled on Pribilof Islands, calendar year 1922. 

Balance Balance Number | Total | Number 
on hand . on hand Taal taken. | handled. | shipped. Dee. 31. 

Sie TES YAN ISTE SE GIRS Be Deke nak Biles Son A a 1718 | 26,035 | 26,753 | 26,129 624 
Sha Grentze, Islin dis 20S seck acne ee cae web ouet once 403 5,121 5,524 5, 252 272 

ROUEN Cece iocecoe che ah alncbeucer cece oxelee sae 1,121 31, 156 32,277 31, 381 896 

1 The preceding report for 1921 gave the number on hand as 717, but when the skins were packed for ship- 
ment in 1922 one more skin was found, thereby increasing the number to 718. 

Summary of receipts and sales of Pribilof fur-seal skins by Fouke Fur Co., St. 
Louis, Mo., and balance in firm’s custody, calendar year 1922. 

Receipts. Sales. 

Date of shipment from Pribilofs. SBelanee 
Date Number Date Number 9 

4 of skins. ; of skins. 

See = RS Sh Se eS Ee Oe a a fe ea | Be a Pe ee Lees Cee 52,757 
Ee a Pe hee ee SM TE BLE Ch RE oe gs Sauk Ue oot Apra <3 12,777 39, 980 
Tri Sj hej + eee eee st eee a See ee 2 eed Sept. 9 PS toe) eer Ae | LY 2A ae 42,338 
PATE: SG Ree ts IS Ee SSA | ee sn Pe See ee | Sept. 19 2HO1S (Seas toc | ane se ne 44,939 
S121) eo: ee Se ee Pinte ae eee S| OE Sea ee ov. 9 2G A220» || Manas tooo ae coos sce 71, 361 
Ch SEE EE See SOR SS eS a SO Ia lh Sem are b OSes SE Oct. 9 17,395 1 53, 966 

Mota ac eS eT a Pee deere ere Ie S31 381. eee 30,172 | ei 

1 Includes 7 at Washington. 

PRIBILOF FOX SKINS. 

SHIPMENTS AND SALES. 

The fox skins, 188 blues and 21 whites, taken on St. Paul Island 
in the season of 1921-22 were shipped on the U. S. S. Gold Star 
July 31, 1922, and reached Seattle August 11. The skins were then 
forwarded by express to the Fouke Fur Co., St. Louis. The fox skins, 
574 blues, taken on St. George Island in the season of 1921-22, were 
transferred by the fisheries schooner £der in August to the steamship 
Cordova at Akutan for transportation to the States. The skins were 
consigned to the Fouke Fur Co. and were received at St. Louis on 
September 19. All were sold there at public auction October 9, 1922. 
The total amount bid for the 712 blue fox skins was $66,344, the max- 
imum bid being $165 each for a lot of four and the average bid $93.18 
per skin. The 21 white fox skins brought $966, an average of $46 per 
skin. The average price at the last preceding sale, September 28, 
1921, was $96.83 for blue and $33 for white fox skins. 
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Sale of 712 blue and 21 white fox skins at St. Louis, October 9, 1922. 

Lot |Num- Price Total || Lot |Num- Frice | m 
num- |ber of| Tradeclassificaticn.| per forilot num- jber of} Trade classification.) per f otal 
ber. |skins. skin, | ‘OF *0%- || ber. |skins. skin, | for lot. 

Blue for skins. Blue for skins—Con. 

220 4| Extra extra fine. -./$165.00 | $660.00 263 12; ei bine eee $82.00 | °984.00 
221 4| Extra fine, extra 264 10) |udank 22. 5 25ers C6. 00 £60. 00 

Jarge pare che 135. 00 540. 00 265 Da wie dank: See 89. 50 960. 00 
222 6 | Fine dark....... --| 136.00 816. 00 266 S.ligblule ly. schemes 100. 00 800. 00 
223 6 | I fine dark silvery. -| 136.00 816. 00 267 12.) Blue yao sseewwe ee 86.00 | 1,032.00 
224 TOM PE Silverye.. = sores 134, 00 | 1,340. 00 268 12, | WA LOW, 3 cepa iow alee 45. 00 540. 00 
225 10s) L bless. 2. See 98. 00 980. 00 269 TD We US 33a s eaintoateian 38. 00 418,00 
226 TO} Medan. 2c. cn ee) 1025.00) | 020500 270 4 | Extra extra fine...) 164.00 656. 00 
227 Biles a2 GOs so cceceeea 120. 00 960. 00 271 4} Extra extra fine, 
228 OU UPL Gar Ken eraser | 84000: 504. 00. extra large....... 122.00 488. 00 
229 10 | Land II blue.......| 96.00 960. 00 272 AS MEER ra) time se = oe ee 145. 00 580. 00 
230 4 | Extra extra fine. ..| 162.00 648. 00 273 4| Extra fine, extra 
231 4 | Extra fine, extra large:seir 114. 00 456. 00 

ID IRe Se berecoce 124. 00 496. 00 274 6 | Fine, extralarge...| 114.00 684. 00 
232 6 | Fine dark.........| 130.00 780. 00 275 SAN 1 Bia Feil a a Sr 96. 00 768, 00 
233 6 | Dark silvery....... 141.00 846. 00 276 14 UNGAR Kea tee ae 97.00 | J, uy) 
Fy bo cae (| LTD Yeah ae a aa a 116.00 | 1, 160. 00 O77) | MIOUGTiblaeate seen | 100.00 | 1,0 0.0) 
235 5 | Fine dark silvery--| 137.00 685. 00 278 0477 Ns i (] 0) be re a &0, 00 95u. v0 
236 Opa ipte TI, dark. 2-4 105.00 | 1,050. 00 279 1) Use act (Oi See occa | 80.00 800. 00 
237 5 ike Sate eee 128, 00 640. 00 280 16 | II low blue........ 58. 00 928. 00 
238 14M pes kk, WlUe. 2 esis 110.00 | 1, 540. 00 281 Vay lear keety eee ee 111.00 | 1, 554. 00 
239 4 | Extraextrafine....| 145.00 580. 00 282 12 ehiigarks-e as -ee | 79.00 948. 00 
240 4| Extra extra fine, 283 TY AMIS ery as UG 0) BS Serre 65. 00 910. 00 

extra large ...... 130. 00 520. 00 284 4 | [xtra extra fine. ..| 146.00 584. 09 
241 4) | Ey xtraiine.o- ooo4 oe 127. 00 508. 00 285 ANSA SECS ANC! 7p emseec 120. 00 480.0) 
242 8 | I fine dark. .-......| 115.00 920. 00 286 LOp Midark eee. eos eee 114.00 | 1, 140. 00 
243 6: -ixtraidark-<.5: 2. 112. 00 672.00 ! 287 1G: dark pen erent 89.00 | 1, 424.00 
244 Si Eidarks. 222s so caes 108. 00 864. 00 288 1O)|) Wibities {28 acces cer 103.00 | 1, 030. 00 
245 Lowa dark: 2... c5ens5 77. 00 770. 00 289 12 Blue. 55.2 eee en .|8 86s00m we 032200 
246 LOn|) Tbe oo sgeckon 95. 00 950. 00 290 SU SIDVCRY Se sense cee 116. 00 928. 00 
247 1 fe Ot 0) RD yg series 78. 00 936. 00 291 Ae GOW ct aaceostes 80. CO 320. 00 
248 2H Lows Dies 2 Seance e 62. 00 744. 00 292 8-| Land II dark...... 90. 00 720. 00 
249 Sup) x. 226 Seceegeaeee 67. 00 536. 00 293 AS ile daikon meee 80.00 | 1, 120. C0 
250 PAP ABN TE Sp sconcasade 30. 00 600. 00 294 8 | II extra large...... 74.00 592. 00 
251 OulsSkins 44. Sokoacceete 7.00 63.00 295 OA WRNSILVOLY- =. 52 sone 106. 00 636. 00 
252 10) pnGankes a2. = ses -c oe 100. 00 | 1, 000. 00 296 TDi MeGarks 35 emecne 80. 00 960. 09 
253 12) SER Gank> S-ctemelcs ci 88. 00 | 1,056. 00 297 16h SD atkenaae sceewone 70.00 | 1, 120. 00 
254 Sirs blue:t ae. see eee 100. 00 800. 00 298 See SIlVeLVoe-s cccsece 104. 00 832. 00 
255 8 (ell blaes.- oe anceeee 76. 00 608. 00 299 10)| @itand esses esas §8. 00 880. 00 
256 | 12} ITlow blue........ 67.00 | 804.00 —_ — 
257 4| Extra extra fine...) 145.00 580. 00 Witt QE mee iiell-seeeeae 66, 344. 00 
258 6 | Extra fine.-....... 129. 00 774. 00 White fox skins. 
259 8 | I fine dark. ........ 125.00 | 1,000.00 
260 10 | Land II dark ..... 110,00 | 1, 100. 00 339 21 | Land II, white fox| 46.00 966. 00 
261 Wi eal Gerke? . Be. 8... 78. 00 936. 00 cies FSC 
262 TO se DIO. sos ee ce ce 100. 00 | 1,000. 00 Tadh lk and loci ey Welsscseeee lide 310. 00 

FUR-SEAL PATROL BY UNITED STATES COAST GUARD. 

An active patrol for the protection of fur seals was maintained 
by the Coast Guard in 1922. The cutters engaged were the //aida, . 
Algonquin, Mojave, Snohomish, Unalga, and Bear. The Haida and 
Algonquin patrolled both in the North Pacific Ocean and Bering Sea. 
The Algonguin also made a trip to Asiatic waters frequented by fur 
seals. The Mojave was used chiefly in transporting an official party 
headed by the Assistant Secretary of Commerce. The Snohomish 
patrolled the waters between the Columbia River and Dixon En- 
trance, southeast Alaska. The Unalga paid particular attention to 
southeast Alaska between Dixon Entrance and Yakutat Bay. The 
Bear made its usual cruise northward to the Arctic Ocean. ‘The bu- . 
reau is under many obligations to the Coast Guard for assistance 
furnished incidentally to the patrol work in the transportation of 
passengers, mail, and freight to and from the Pribilof Islands. 

/ 

ee 
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The following extracts are taken from information furnished by 
the Coast Guard in regard to the season’s work. In connection with 
the patrol the cutters perform a great many duties of a public nature 
aside from those concerned with fur seals and the fisheries. The 
extracts have been selected only as they relate to fur-seal matters 
and occasionally to the fisheries industry. 
Bear.—Preparatory to proceeding on her annual Alaskan cruise, the Coast 

Guard cutter Bear left Oakland, Calif., May 2, 1922. * * *, Having re- 
ceived on board mail and certain supplies, the vessel sailed from Seattle at 
7 p.m. May 16, stopping at Port Townsend and in the Straits of Juan de Fuca, 
and arrived at Unalaska at 7.40 p. m. May 27. Throughout the voyage from 
Seattle a close observation was kept for fur seals, but none was sighted. 

* * * Hn route from Nome to Unalaska the Bear stopped at St. Paul 
Island on September 18. * * *. Having completed her duties in Alaskan 
waters, the vessel sailed from Unalaska October 5 and arrived at Seattle, 
Wash., October 17. 
Haida.—On April 15, 1922, at 10 a. m., the Haida left Seattle, Wash., on her 

Alaskan cruise. On board the cutter were 13 persons from the Bureau of 
Fisheries desiring passage to the Pribilof Islands and a native student for pas- 
sage to Unalaska. Stores for the radio station at St. Paul Island and for 
the Attu schoolhouse were packed on board. AIl holds and storerooms were 
filled from the keel to the lower deck. The trip from Seattle to Unalaska 
was made in less than seven days, the cutter arriving at Unalaska at 
8.30 p. m. April 21. * * *, Having received on board mail for points to be 
visited and several passengers, the Haida cast off from the dock at Unalaska 
at 8.30 a. m. April 24, proceeded to St. Paul Island, anchoring in Village Cove 
at 5.45 a. m. April 25. Landing at Village Cove being unfavorable, the cutter 
got under way, stood around Reef Point, and at 9.55 a. m. anchored in Lukanin 
Bay, St. Paul Island, where mail, 18 passengers, and freight were landed. After 
receiving on board mail for St. George Island and Unalaska at 4.15 p. m. April 
25, got under way and at 7.15 anchored off St. George Island, where freight for 
the Bureau of Fisheries, mail, passengers, and baggage were landed. After 
receiving on board mail for St. Paul and Unalaska got under way at 8.40 p. m. 
April 25, and at 8 a. m. April 27 anchored off Sarichef Lighthouse. During 
the trip encountered thick mist, heavy snowfall, and rough sea. There being 
no assistance needed at this point, got under way and arrived at Unalaska at 
4.30, D0... (toy © 

On May 3, at 7 a. m., got under way and continued patrolling. At 2.05 p. m. 
anchored in Ugamak Bay, under the lee of Ugamak Island on account of heavy 
weather. No vessels passed through nor were any vessels sighted. A large 
herd of sea lions, about 400 in number, was observed on Round Island. * * *, 
On May 27, at 4.35 p. m., cast off from dock at Dutch Harbor and stood over 

for Unalaska, making fast to the dock at 5.55 p. m. Having taken on board 
mail and stores and 24 passengers, got under way at 9.15 a. m. June 1 for St. 
George and St. Paul and came to anchor off St. George village at 9.30 a. m. June 
2. Delivered the mail for this point and took on mail for other points and 
at 9.50 a. m. got under way for St. Paul Island. Stood various courses around 
Reef Point into Village Cove, where anchored at 2.15 p.m. Delivered mail and 
stores and landed passengers. On June 8, at 11 a. m., stood out of Village Cove 
to take up the patrol within a radius of 100 miles around the Pribilof Islands. 
On June 7, at 12.40 a. m., anchored off St. George Island, and at 7.50 a. m. stood 
for St. George Village. Took on board six passengers for transportation to 
St. Paul Island and mail for that point and Unalaska. At 8.55 a. m. stood 
for St. Paul Island, anchoring off Village Cove at 12.30 p. m., where the six 
passengers left the vessel. Patrol of the islands was continued from June 
7 until the 15th, on which date stood in for St. George Island, anchoring 
off the village at 3 p.m. At 7.50 p. m. stood offshore and continued the patrol 
of the island. Boarded the schooner Foz, inspected the vessel, and sent 
message for master. On June 17, at 7.15 p. m., anchored in Village Cove, St. 
Paul Island. Received on board three persons for transportation to Akutan. 
After taking on board mail got under way at 8.30 a. m. June 18 for St. George 
Island; at 12.25 p. m. anchored off North Anchorage and took aboard mail and 
six persons for transportation to Akutan. At 1p. m. got under way for Akutan 
and moored at the dock of the Akutan whaling station at 11.20 a. m. June 19; 
discharged passengers, delivered the mail, and at 2 p. m. cast off and proceeded 
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to Unalaska, arriving there at 7.25 p. m. While on this cruise sighted 23 fur 
seals, boarded two vessels, and afforded medical treatment to eight persons. 
* * * 

On June 20, 21, and 22 remained at Unalaska, cleaning boiler and performing 
various other duties. On June 23, 24, 26, and 27 executed certain other duties 
in connection with the command of the Haida. On June 28, at 8.50 a. m., 
having received on board mail for the fishing fleet in Bristol Bay and for other 
places, got under way and at 9.15 a. m. made fast to the dock of the Alaska Com- 
mercial Co. at Dutch Harbor. At 8.05 a. m. June 29 cast off from the dock and 
stood to eastward and along the north side of Unimak Island and at 9.10 p. 
m. anchored off Cape Lapin, Unimak Island. On June 30, at 4.35 a. m.,, 
stood various courses in the vicinity of Amak Island, then stood to the east- 
ward along Unimak Island and the Alaskan Penisusula. At 5.35 p. m. anchored 
off Cape Lieskof, the dense fog making further cruising unsafe. On July 1, at 
7.30 a. m. got under way and stood various courses to rendezvous with 
Algonquin. At 2.30 p. m. proceeded toward the cannery at Nelson’s Lagoon. 
At 6.10 p. m. boarded the American schooner Wawona, of Anacortes, delivered 
mail to her, and received mail for the schooners John A and Fanny Dutard. 
At 7.45 p. m. boarded the Japanese schooner Bering Maru, of Tokyo. At 8.45 
p. m. stood for Port Moller and anchored off that place at 10.20 p. m. On 
July 2, at 8.15 a. m., got under way and stood various courses into Port Moller 
and at 12.05 p. m. anchored off Entrance Point. The medical officer vaccinated 
40 natives and gathered statistical information, and the dental surgeon gave 
treatment to 13 natives. On July 3, at 11.15 a. m., got under way and stood 
various courses. Boarded schooner Fanny Dutard, delivered mail, and gave 
medical and dental treatment to two members of her crew. At 6.20 p. m. boarded 
schooner Charles R. Wilson, of Seattle, afforded medical treatment to two men, 
delivered mail, and examined vessel. Took on board a sick seaman for transpor- 
tation to Unalaska. At 8.50 p. m. anchored near schooner John A. boarded her, 
and delivered mail. Got under way and at 9.55 p.m.,anchored off Cape Seniavin. 
On July 4, at 4.15 a. m., got under way and stood various courses to Port Heiden. 
Anchored off Christakof Island at 8.55 a. m, The medical officer vaccinated 30 
natives and rendered aid to 2 others. Collected statistics at this point. On July 
5 the medical officer went ashore and treated 12 more natives at Port Heiden. 
At 2.55 p. m. got under way and stood various courses to westward. On July 6 
continued cruising and at 1.05 p. m., anchored in the lee of Operl Island on 
account of stress of weather. 

On July 7, at 6.10 a. m., got under way and set course for Pribilof Islands. 
On July 8, at 9.15 a. m., anchored off the village, St. George Island. Received 
mail for Unalaska and delivered mail for this place. Vessel remained at anchor 
owing to inclement weather. On July 9, at 8.35 a. m., proceeded for St. Matthew 
Island. * * *. At 8.35 a. m. got under way and set course for point on the 
one hundred and seventieth meridian, 150 miles north of St. Paul Island, to 
take up the patrol. Continued the patrol above mentioned throughout July 15. 
Continued patrol on July 16 and sighted 21 seals during the day. On July 17 
continued patrolling. Upon receipt of a message that a native was in a critical 
condition and needed medical assistance got under way at 10 a. m. and pro- 
ceeded to St. Paul Island. At 6.35 p. m. anchored off the village, St. Paul 
Island, where medical officer went ashore to treat the above-mentioned native. 
Landed mail and took on mail for Unalaska. Sighted 36 seals. On July 18, at 
3.15 p. m., got under way and stood to the westward to continue the patrol. 
Sighted 32 seals this day. On July 19 continued the patrol. On July 20 pro- 
ceeded to westward of the Pribilof Islands. On July 21 stood for Unalaska. 
While on this cruise boarded five vessels, sighted 111 seals, and the medical 
officer rendered treatment to 14 persons and vaccinated 70. On July 22 deliv- 
ered mail to postmaster at Unalaska. 

Up to July 30 the Haida lay in harbor undergoing inspection by a board. On 
July 30 proceeded to Dutch Harbor and filled fresh-water tank. At 8 p. m. 
east off, and on July 31, at 7.50 p. m., anchored in Delarof Harbor, Unga Island. On 
August 1 shifted to dock at the Pacific American Fisheries cannery in Baralof 
Bay. * * *. Proceeded to Anchorage Bay, Chignik Bay, and on the morning 
of August 5 proceeded to Lazy Bay, Alitak Bay, Kodiak Island, arriving there 
at 7.50 p. m., to investigate a report of illegal possession of sealskin. Boarded 
the vessel Lina K, which was anchored in Lazy Bay, but found no evidence. 
On August 6 a searching party proceeded to Aiktalik Village to make an investi- 
gation; meantime the commanding officer with party made search of the village 
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of Akhiok for evidence of poaching fur-bearing animals; also of stolen articles 
from Perryville; no evidence was obtained. * * *. On August 9, at 10 a. m., 
arrived at Unga and delivered prisoner to United States Commissioner. At 2 
p. m. got under way for Unalaska and at 3.15 p. m. August 10 made fast to dock 
at Dutch Harbor. While on this cruise boarded four vessels, sighted three seals, 
and afforded medical aid to seven persons. On the morning of August 11 moved 
to the dock at Unalaska. 

On August 12, at 1.50 p. m., cast off from the dock and proceeded to the east- 
ward and patrolled the fishing banks. On August 13 remained at anchor from 
1.34 p. m. to 3.05 p. m. in order to repair machinery. The Japanese fishing 
schooners Okhotsk Maru and Bering Maru, found at anchor off Port Moller, were 
boarded, but no evidence of illegal operations was found. On August 14, at 
7.55 p. m., arrived at Naknek anchorage, notified all cannery superintendents 
of the vessel’s arrival, and offered assistance. On August 15, upon request of 
the superintendent of the Red Salmon Canning Co., settled a dispute between 
five Mexican laborers and the cannery officials, with the result that the offend- 
ing persons resumed their work. On August 16, at 8.30 a. m., got under way for 
Sarichef, fell in with the tender Curlew, of the Alaska Packers Association, and 
teok off that vessel an insane man who, having attempted suicide, was in need 
of immediate medical attention. On August 18, at 6 a. m., anchored off Sarichef. 
It being deemed necessary to operate on the man taken aboard from the tender 
Curlew, the Haida got under way and anchored in Dutch Harbor at 5.39 p. m. 
August 18. While on this cruise boarded 30 vessels, sighted two seals, and 
rendered medical assistance to one person. 

On August 19, at 4.25 p. m., having sent patient ashore, cast off from dock 
at Dutch Harbor and proceeded to Akutan Harbor; anchored off the native 
village at 4.40 p. m. Party went ashore and searched the entire village for seal- 
skins, but found none. After completing search the Haida shifted to berth at 
dock of Akutan whaling station. Thoroughly searched whaling station, but 
found no sealskins. Questioned several prominent persons under testimony, but 
gained no information of value as to illegal sealing. * * #*, 

On August 29, at 11.30 a. m., left Attu, standing for vicinity ‘of Pribilof Islands 
to take up patrol, and arr ived in patrol limits on September 1. On September 2 
patrolled around islands. On September 3 patrolled area about Pribilof Islands. 
Stood in, and at 1.40 p. m. anchored close to steamship Brookdale, off Tolstoi 
Point, St. George Island. At 3.15 p. m. got under way and resumed patrol. On 
September 4, 5, and 6 patrolled about islands. On September 7 set course for 
Unalaska, and at 7.20 p. m. September 8 secured to dock at Unalaska. While on 
this cruise sighted 90 seals. 

The Haida remained in the vicinity of Unalaska until September 29. During 
this time repairs were being made to the vessel’s machinery. Having received 
on board mail and supplies for St. George Island, cast off from dock at Dutch 
Harbor at 11.10 a. m. and stood out of harbor, but, owing to severe gale, accom- 
panied by rough sea, was compelled to lay to. On September 30, at 4 a. m., the 
gale having abated, set course for St. George Island, and at 3 p. m. anchored 
off the village. On October 1 delivered mail and stores from Unalaska. At the 
request of the agent, Bureau of Fisheries, took on board nine passengers for 
transportation to St. Paul Island. Received on board mail for St. Paul Island. 
On October 2 remained at anchor, owing to unfavorable weather conditions. 
On October 3, at 8.50 a. m., the gale having ceased, got under way and stood for 
St. Paul Island, anchoring in Lukanin Bay at 12.50 p.m. Delivered mail and 
packages of hardware received from St. George Island. The nine passengers 
went ashore. Got under way at 2.15 p. m. and stood to the northward. * * #*, 

Received from the postmaster at Nome mail for Juneau, Seattle, and Tacoma. 
Got under way at 2 p. m. (October 26) and stood to the southward. Arrived 
at St. Paul Island, anchoring in Lukanin Bay at 2.35 p. m. October 28. On 
the morning of October 29 shifted anchorage to Village Cove. Received mail 
for Seattle and Unalaska. At the request of superintendent, St. Paul Island, 
took aboard three persons for transportation to Seattle. Also took on board two 
radio men for transportation to Seattle. Twenty-two others came on board for 
transportation to Unalaska and one for St. George Island. Received on board 
67 packages of provisions from the Naval Radio Station, St. Paul Island, 
for transportation to the Navy Yard, Puget Sound, Wash. Got under way 
at 12.45 p. m. (October 29) and stood for St. George Island, anchoring in 
Garden Cove at 4 p. m. Having received on board mail for Unalaska and 
Seattle, got under way at 4.40 p. m. and moored to the dock at Dutch Harbor 
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at 8.35 a. m. October 30. Delivered mail to postmaster at Unalaska and took 
on board mail for Seattle. One passenger, a native student, came on board 
for transportation to Seattle. On October 31, at 5.85 a. m., cast off from the 
dock at Dutch Harbor, stood various courses out of the harbor and through 
Akutan Pass, then headed for the Strait of Juan de Fuca. Arrived at Port 
Townsend, Wash., at 1.06 p. m. November 5, 1922. 

Algonquin.—On April 15, 1922, at 10.10 a. m., the Algonquin, in company 
with the Haida, left Seattle, Wash., on her Alaskan cruise. Proceeded up the 
coast of Vancouver Island, and on the morning of April 16 boarded 22 small 
vessels engaged in fishing off Barclay Sound, then continued up the coast at a 
distance of 30 miles off. * * *, Boarded three vessels off Forrester Island 
on April 27. * * *. Arrived at Unalaska on June 3 at3 p.m. During this 
cruise sighted 24 seals. * * #*, 

During the period from July 4 to 9 the Algonquin remained at Unalaska 
cleaning boiler and making necessary repairs to the vessel’s machinery., 
Received on board C. H. Huston, Assistant Secretary of Commerce, 
Ward T. Bower, of the Bureau of Fisheries, and four others to be transported 
to the Pribilof Islands in the interest of the Department of Commerce; also 
took on board six natives to be sent to St. George Island as laborers for the 
Bureau of Fisheries. After receiving on board stores and mail for the Pribilof 
Islands got under way at 6.05 p. m. July 10 and arrived at St. George 
at 11.50 a. m. July 11. The official party left the vessel to transact 
certain business. Landed mail, stores, and native workmen. Took on board 
five natives for transportation to St. Paul Island. Upon return of the 
official party got under way at 4.40 p. m. for St. Paul but owing to thick fog 
was forced to anchor at 8.15 p. m., near Halfway Point. Got under way at 
4.45 a. m. July 12 and steamed for Village Cove, coming to anchor at 5.40 a. m. 
The official party left the ship at 7.30 a. m. All mail, stores, and passengers 
for this point were landed. Got under way at 1.15 p. m. and arrived at Dutch 
Harbor at 12.45 p. m. July 13. During the vessel’s stay in port stores were 
obtained, fuel-oil and fresh-water tanks were filled, and passengers whose 
transportation was authorized were taken on board. At 10.05 a. m. July 14 
got under way, but owing to heavy sea and threatening storm was forced to 
return to Duteh Harbor. Made a second start, however, at 2.55 p. m. July 
15 but was again forced to return to Dutch Harbor, owing to unfavorable 
weather conditions. Remained in port until July 17, at which time sailed at 
12.40 p. m. and made fairly good progress against the heavy sea. Arrived at 
Glinka, Copper Island, at 10.30 p. m. July 22. The official party visited Glinka 
Village in the forenoon of July 23. Only the native guards were found at this 
place. Got under way at 11.45 a. m. same day for Preobrajeniya, Copper Island, 
arriving at 2.15 p.m. A party was sent ashore to interview the superintendent. 
Finding the food and tobacco supply to be very limited, made up a purse 
among the officers, crew, and passengers, with which certain staples were 
purchased from the various messes for presentation to the natives. Necessary 
work having been completed left Preobrajeniya at 10.45 p. m. July 23 anchoring 
near North Rookery, Bering Island, at 9.35 a. m. July 24 to await better 
weather conditions. At 5.80 a. m. the following day proceeded to Nikolskoe, 
arriving there at 9.50 a. m. July 25. Landed several passengers. Made another 
donation of supplies at this point. Got under way at 12 noon July 25 and 
anchored in Chichagof Harbor, Attu, at 8.15 p.m. July 26. * * *, 
From the evening of September 12 until the next date of sailing the Algonquin 

remained in port at Unalaska, her personnel prosecuting such duties as 

completing the annual inspection, serving on boards, transferring stores from 

storehouses to ship, making minor repairs to vessel, cleaning boiler, and fueling. 

Having received on board several passengers and mail for delivery at Seattle, 

the Algonquin got under way from Unalaska at 11 a. m. September 24 and pro- 

ceeded, via Unalga Pass, for Seattle, where she arrived at 8 p. m. September 

30, 1922. 
Mojave.—While the Mojave was not assigned to duty as a unit of the regular 

patrol force, this cutter made an extended cruise within the limits of the 

scope of operations of the patrol vessels and performed certain duties similar 

to those devolving upon the vessels of the regular patrol. The Mojave sailed 

from Seattle, Wash., at 2.30 p. m. June 20, 1922, having on board Assistant 

Secretary of Commerce C. H. Huston and party, and proceeded, via the in- 

side passage, to Juneau, Alaska. During the trip numerous stops were made 

in southeastern Alaska. From Juneau the Mojave proceeded to Unalaska, 

stopping at various places designated by Assistant Secretary Huston, and 
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arrived there at 3.30 p. m. July 10. The Mojave remained at Unalaska until 
July 16. Assistant Secretary Huston and party had gone aboard the Algon- 
quin for a cruise to the Pribilof Islands. On July 16, at 6 a. m., the 
Mojave left Unalaska and proceeded to Dutch Harbor. After taking on 
board a supply of fuel oil sailed for the Pribilof Islands at 3.35 p. m. July 
17. A stop was made at St. George Island, where mail was delivered. Then 
proceeded to St. Paul Island, where came to anchor at 12.15 p. m. July 19. 
All mail and supplies from Unalaska were delivered. Assistant Secretary 
Huston and party having returned on board, the Mojave got under way at 
3.30 p. m. and stood for Nome. The J/ojave visited such points in northern 
Siberia as were designated by Assistant Secretary Huston, after which she 
proceeded to the southward and eastward from Anadir, Siberia, and again en- 
tered the patrol zone at 1 a. m. July 31. Arrived at Dutch Harbor at 3 p. m. 
August 1. At 9 a. m. August 2, having filled tanks with fuel oil, the Mojave 
steamed out of Dutch Harbor on her return journey. While on this cruise the 
Mojave maintained a vigilant lookout for seals and seal poachers. A few fur 
seals were sighted, but no indications of illegal sealing were observed. 

Unalga—Pursuant to her orders, the Unalga left Juneau, Alaska, on 
April 12, 1922, and on April 15 commenced the patrol off Dixon Entrance for 
the protection of the seal herd and sea otter. Stood to the northward about 
30 miles offshore, arriving at Sitka on April 16. On account of inclement 
weather remained in Sitka Sound until April 23. The first fur seals were 
sighted on April 19, while the Unalga was anchored in Symonds Bay. On 
this occasion 35 fur seals were seen close to the entrance of the bay. In this 
locality it was discovered that Sitka natives had established a sealing camp. 
On April 23, left Sitka and cruised to the northward, standing offshore during 
the day and anchoring at night. A considerable number of fur seals were 
sighted offshore and a few inshore. ‘Seals also were observed in Salisbury 
Sound, Fortuna Strait, and at the entrance to Khaz Bay. No vessels were 
sighted offshore and only one in the harbors visited by the cutter. On April 
26 the Unalga stood into Cross Sound and proceeded to Juneau for coal and 
provisions, arriving there on April 28. On May 3 left Juneau and on the 
4th stood out of Cross Sound for a cruise to the westward. Anchored at 
Yakutat on the night of the 5th and proceeded to the westward on the 
morning of the 7th. On May 8 cruised in the vicinity of Middleton Island 
for the purpose of boarding fishing vessels. On the evening of May 8 stood to 
the eastward and arrived at Sitka on May 10. On May 12 investigated the 
conditions at the natives’ sealing camp at Symonds Bay, Biorka Island. 
Ascertained on arrival that, owing to continuous inclement weather, the natives 
had only a few opportunities for sealing and, therefore, had taken only 34 
skins. It was also learned that the natives who were sealing from a camp 
on a neighboring island had obtained approximately the same number of 
skins. An examination of certain sealskins at Biorka Island disclosed the 
fact that none of the seals had been shot. On the afternoon of May 12 
proceeded to the northward from Sitka Sound, anchoring in Nakwasina Passage 
that night. On May 13 visited Kalinin Bay and Leo Anchorage. On May 14 
visited Dixon Harbor for the purpose of boarding fishing vessels which fre- 
quent these harbors. During this cruise numerous fur seals were sighted 
along the 100-fathom curve to the eastward of Yakutat Bay. Very few seals 
were sighted west of Yakutat, however, and none was seen at a considerable 
distance offshore of the 100-fathom curve. Such fishermen as were ques- 
tioned claimed to have seen numerous seals in April but very few in May. 
They were of the opinion, however, that the main body of the seal herd had 
passed to the westward of Prince William Sound early in May. On May 15 
the Unalga proceeded to Cross Sound, arriving at Juneau on May 16. On May 
20 the Unalga left Juneau, standing out of Cross Sound on the 21st, and 
cruised to the westward as far as Yakutat Bay. A few fur seals were seen near 
the 100-fathom curve off Cape Spencer and Cape Fairweather, but in much 
smaller numbers than seen on previous occasions. On May 23 proceeded to 
the southeastward. On May 24 sighted six sealing boats from the native 
camps in Sitka Sound, about 15 miles southwestward of Biorka Island. At that 
time weather conditions were such as to make sealing impossible. Sighted no 
seals. On May 24 arrived at Sitka. From observation and from the most 
reliable information obtainable it was decided that the seal herd, with the 
possible exception of a few stragglers, had passed west of the Unalga’s cruis- 
ing ground. Therefore, on May 25, the patrol was d.scontinued and the cutter 
left Sitka for Juneau. During these cruises all fishing vessels fallen in 
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with were boarded and examined, but no infractions of law were found. The 
fishermen were closely questioned as to illegal killing of seals, but no evidence 
in this regard was obtained. Government and Territorial officials, residents, 
and natives of the towns visited were interviewed for the purpose of verify- 
ing rumors of illegal killing of seals, both by natives and by fishermen, but no 
one advanced any information with regard to these supposed violations of law. 
Very few fishing vessels were found on the fishing banks. It was reported, 
however, that, owing to a poor market for fish, an unusually small number 
of vessels were engaged in fishing operations during the spring. So far as 
could be determined no sea otters have been seen in the waters of southeast 
Alaska for a number of years. 
Snohomish.—The Snohomish maintained an active patrol of the waters be- 

tween the Columbia River and Dixon Entrance for the protection of the seal 
herd during its migration northward. The cutter left Port Angeles, Wash., 
on April 8, 1922, and arrived at Astoria, Oreg., on April 9. On the following 
day began the patrol off the Columbia River entrance. From that date until 
June 1 the Snohomish maintained a continuous patrol of the waters named. 
The patrol was not discontinued, however, until it was ascertained beyond 
doubt that the seal herd had passed the section of the coast which the Sno- 
homish was assigned to patrol. While engaged in the patrol duties the com- 
manding officer of the cutter interviewed various persons with regard to seal- 
ing along the coasts of British Columbia and Washington. Among those con- 
sulted were the Indian agent, the Weather Bureau observer, and the general 
storekeeper, all of Neah Bay, the Indian agent and school-teacher at Quillayute, 
Wash., various Indians engaged in sealing off the coast of Washington, the 
collector of customs at Port Alberni, British Columbia, the commanding officer 
of the Canadian fisheries steamer Thiepval, and various fishermen. It ap- 
pears that the Quillayute Indians of Qnuillayute, Wash., and the Makah In- 
dians of Neah Bay, Wash., are the only tribes that engage in sealing along the 
Washington coast. Both of the above-mentioned villages were visited and 
investigations conducted. The Makah Indians seal from Ozette, which is more 
advantageously located to the sealing grounds than Neah Bay. It was ascer- 
tained that only two Indians remain of the Ozette tribe. During the current 
season 18 canoes were sealing out of Quillayute and 10 out of Ozette. When 
the weather is favorable the natives leave their villages abott 3 a. m., paddle 
out to sea for a distance of 20 to 30 miles, hunt for four or five hours, and 
return to their villages by dark. From 10 to 12 hours each day is spent going 
to and from the sealing ground. The commanding officer of the Snohomish 
reports that, owing to the treacherous waters in the vicinity of Cape Flattery, 
canoes are caught frequently offshore in a gale, and being unable to land 
through the surf the sealers’ lives are thus endangered. The commanding 
officer heartily concurs in the recommendation made not long ago by an Official 
of the Indian Service, namely, that the Indians be permitted to take seals with 
firearms from motor boats, and that their total catch be limited. It appears 
that the natives are very jealous of their exclusive prerogative of taking seal- 
skins and are quick to report any vessels that they suspect are conducting 
illegal sealing operations. No evidence has been found that persons other than 
Indians are engaged in sealing or that the Indians are employing illegal methods 
in killing the animals. The commanding officer of the Canadian fisheries 
steamer Thiepval reports that the bulk of the seal herd passed the British 
Columbia coast during the first two weeks of May. He also reports that the 
only sealing operations conducted along the British Columbia coast is between 
Clayoquot Sound and Kyuquot Sound, such operations being carried on by the 
natives in that locality, and that very little sealing has been done this year, as 
the Indians can obtain better pecuniary returns by fishing. He further states, 
however, that he has no evidence to substantiate the belief that seals are being 
taken illegally. 
Summary.—iIn summarizing the season’s operations the Bering Sea patrol 

commander reports that a number of trips were made over the fishing banks 
in the southeastern part of Bering Sea (Slime and Baird Banks), also Bowers 
and Petrel Banks, in the southern part of Bering Sea, and over Portlock, 
Albatross, Sanak, and Davidson Banks, in the North Pacific Ocean, for the 
purpose of determining whether vessels engaged in fishing were operating in 
accordance with the terms of the convention for the preservation and protec- 
tion of fur seals; also for the purpose of rendering medical aid and other 
assistance to the fishing vessels. While on these cruises mail received from the 
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postmaster at Unalaska was delivered to the fleet of fishing vessels. In a 
number of cases medical assistance was afforded to the fishermen. One man 
in need of hospital treatment was transported to Unalaska and transferred to 
the Jesse Lee Home, which institution maintains a hospital for the treatment 
of sick seamen and others. All assistance possible was given to the fishing fleet 
without neglecting other important duties required of the patrol force. During 
the cruises of the several cutters all vessels fallen in with were boarded and ex- 
amined, but no evidence was found of illegal sealing. The patrol vessels at all 
times cooperated with the Government agents on the Pribilof Islands while 
cruising in the vicinity. In April mail, supplies, and passengers were trans- 
ported from Seattle, Wash., to St. Paul Island and St. George Island. During 
the season mail and supplies for the islands were delivered as promptly as 
possible after each arrival of the mail steamer at Unalaska. On request of 
the agent of St. Paul Island transportation between St. Paul Island and St. 
George Island and between Unalaska and the islands was afforded to various 
officials, working parties, and natives. All villages on the Aleutian Islands 
were visited several times during the season and conditions investigated, vital 
statistics recorded, and medical assistance afforded to the sick. Aside from 
various other duties performed by the cutters assigned to patrol duty in Alas- 
kan waters, there were transported for other departments of the Government 
163 tons of freight, consisting of general merchandise, lumber, provisions, oil, 
gasoline, ete. During the cruise of the various cutters 38,729 miles were 
eovered and 143 vessels boarded. 

SEALING PRIVILEGES ACCORDED ABORIGINES. 

Early in the year the form of certificate used in authenticating 
sealskins lawfully taken by Indians dwelling on the Pacific coast of 
the United States was revised. <A certificate in triplicate is pre- 
pared for each skin by the officer authenticating the same, the origi- 
nal going to the owner of the skin, one copy to the office of the Bu- 
reau of Fisheries at Seattle, Wash., and one copy to the Washington 
(D. C.) office. When authenticated skins are shipped the original 
certificates must accompany them, and when the skins arrive at a 
port of entry the customs authorities will forward the original to 
the bureau’s Seattle office, which will advise in regard to the legality 
of the shipment and forward copies of the certificates to the con- 
signee. When the skins are dressed and dyed, the company doing 
the work shall indorse the owner’s copy of each certificate to show 
the date and by whom each skin was dressed and dyed and shall 
then send them to the owner of the skin. The dresser and dyer will, 
before returning any skin to the owner, plainly and indelibly stamp 
it as follows: “U. S. Authenticated Certificate No. —”, andthe 
trade-mark or name of the dresser and dyer. Provision is made on 
the certificates for recording transfers in ownership of the skin. 
When the skins are authenticated, a numbered leather tag is attached 
to each skin, the number on the tag corresponding to that placed 
on the certificate. The tag will be removed by the dresser and dyer 
and forwarded to the Commissioner of Fisheries, Washington, D. C., 
together with the name and address of the person from whom the 
skin was received. 
A total of 1,633 fur-seal skins was authenticated as having been 

lawfully taken in 1922 by Indians in the waters off the coasts of 
Washington and of southeast Alaska. Of the 1,633 skins 1,107 were 
taken during May and June by the Indians of Washington and were 
authenticated by A. D. Dodge, superintendent, United States Indian 
School, Neah Bay, Wash. Of these 641 were reported as having 
been taken from male seals and 462 from females. The sex of the 
remaining 4 seals from which skins were taken was not reported. 
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The rest of the 1,633 skins, 526 in number, were taken in the vicinity 
of Sitka, Alaska, mostly, if not entirely, by Indians who resided in 
that general locality. Of these 409 were reported as having been 
taken from male seals and 116 from females, while the sex of one was 
not determined. The earliest reported take was April 26 and the 
latest June 3. 

JAPANESE SEALSKINS DELIVERED TO THE UNITED STATES. 

The United States Government’s share of the sealskins taken on 
Robben Island -in 1920 was 56. These were received at St. Louis 
April 26, 1921, and after having been dressed, dyed, and machined 
were sold April 3, 1922. They brought $1,276, an average of $22.79 
each. 

The United States Government’s share of the sealskins taken on 
Robben Island in 1921 was 55 skins and in 1922, 60 skins. These 
were shipped to St. Louis to be dressed, dyed, and machined and 
sold for the account of the United States. The 55 skins of the 1921 
take were received at St. Louis in the latter part of October, 1922, 
the 60 of the 1922 take in February, 1928. 



FUR-SEAL CENSUS, PRIBILOF ISLANDS, 1922. 

By Epwarp C. JOHNSTON. 

The annual census of the fur-seal herd resorting to the Pribilof 
Islands in 1922 was taken at the height of the season. The harem 
count was made on St. Paul Island first; the count of pups on St. 
George Island first. Only one round trip between the islands was 
necessary. The pups were counted on all rookeries on both islands 
for the first time since 1916. 

J. M. Orchard, school-teacher on St. George Island, assisted in the 
pup count on both islands. H. A. Peterson, sealing assistant on St. 
Paul Island, aided in the pup count at Northeast Point on St. Paul 
Island. The superintendent and the agents of both islands coop- 
erated in providing assistance for the erection of the counting towers 
and in assigning to the census work the most intelligent natives. On 
St. Paul Island all but one of the native assistants were taken from 
the temporary employees, both because of their better understanding 
of English and their willingness, due to comparative ignorance of 
seal life, to obey orders. The fisheries vessel Hider furnished trans- 
portation between St. Paul and St. George Islands. 

In 1917 the rookery areas were plotted upon the series of rookery 
charts. In 1922, in conjunction with the harem count, the rookery 
areas were again charted. A new series of photographs of the rook- 
eries was made also, using the same stations as in 1917. 

In addition to the two counting towers already in position on 
Reef rookery nine new ones were erected in the spring of 1922—two 
on Little Zapadni rookery, three on Zapadni rookery, and three on 
Vostochni rookery, all on St. Paul Island, and one on Staraya Artil 
rookery on St. George Island. Wooden markers were placed on 
various rookeries where they would be of service in the harem count. 
Construction of the towers and the placing of the markers were com- 
pleted before the seals arrived. 

PUPS. 

Since 1916, when the last complete pup count was made, the total 
number of pups and of cows (by inference) had been estimated 
from actual counts made upon a few rookeries only. Due to the great 
yearly variation in the number of seals present on any one rookery, 
it would be possible for the herd, as a whole, to increase, while the 
number of seals upon the rookeries where pups were counted de- 
creased. The estimate of pups on the uncounted rookeries had been 
based partly upon the average harem of all counted rookeries and 
partly upon field observations extending over a number cf years. 

54940°—23—8 111 
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In order to check the accuracy of these estimates since 1916, it was 
considered advisable to make another complete pup count, and, be- 
cause of the increasing size of the seal herd, further delay would 
have been disadvantageous. 

The pup count began on St. George Island on July 26, four days 
earlier than in 1921. There was no difficulty from the harem bulls, 
as the large average harem made it safe to go over the rookeries at 
such an early date. The count was completed on August 7 on St. 
Paul Island. Although the harems were not counted on Sivutch 
rookery, it was possible to make the pup count there. The results 
were more than satisfactory in every way. 
Up to July 15 the weather on St. Paul Island was the driest that 

had occurred in recent years. Had the dryness continued through 
the pup count the fatalities due to suffocation would have been ex- 
tremely large. It was, indeed, fortunate that only six pups were 
killed as a result of the counting. To balance this loss there were 
rescued from crevices and holes during the count 11 cows and about 
twice that number of pups, all of which would have died had they 
not been discovered and released. Six albino pups were noticed dur- 
ing the count. 

Of the total of 185,914 pups in the seal herd in 1922, 95 per cent 
were actually counted. The remaining 5 per cent were necessarily 
estimated. On some of the rookeries there are areas made up of 
large bowlders under which the pups when they are disturbed pack 
themselves as closely as their strength allows. If the hole is a small 
one, they can be pulled out and counted, but otherwise there is no 
way to determine their number accurately. On one rookery on St. 
Paul Island a section was found with round rocks 2 to 3 feet in 
diameter. The holes between these rocks were 2 to 4 feet deep and 
pups falling into them were unable to climb out. To have counted 
the pups over this section would have caused many of them to fall 
into the holes where they would have starved to death. During the 
latter part of the count small groups of pups were on the edge of the 
water and it was impossible to make a perfect count of them. The 
number of pups thus estimated, however, was less than 10,000, con- 
servatively figured. 

C. E. Crompton reports, in the St. George Island journal, under 
date of November 3, 1921, the occurrence of the birth of a seal pup 
in the month of October. As practically all seal pups are born be- 
fore August 7 such a late birth is remarkable. The journal entry 
follows: 

* * * During the work on the rookeries to-day a very young pup was 
noticed. The age of this pup was estimated at from 2 to 3 weeks and the writer 
feels certain that it was not more than 3 weeks of age at the most. It is to 
be regretted that this birth was not observed, as it is probably the latest one on 
record. The pup seen to-day cculd not yet swim and will most certainly have 
difficulty following the migrating seals in their journey south at the end of 
this month * * *, 
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Distribution of pups on Pribilof Islands in 1922 and comparison with distri- 
bution in 1921. 

1922 1921 1922 

Rookery. Per Increase paul 
Date of | Living | Dead | Total cent Total | (+) or (4) ae 
count. pups. | pups. | pups. | dead | pups. | decrease dgnarisa 

; pups. —). (as 

St. Paul Island: 
AGOV Ps ain ws bee ww ss E Aug. 4 5, 847 87 5,934 1. 47 4,353 | +1,581 | +36.32 

Lukanin. “f 2.17 2,938 +606 | +20.63 
Gorbatch. 121 | 14,117 .86 | 10,909 | +3,208 | +29. 41 
Ardiguen. 24 1,004 2.39 1,088 —8 —7.72 
Reef..... 372 | 25,452| 1.46] 24,638] +814) +3.30 
Sivpteh2223 3 ejosecae 44 199 8,161 2. 44 , 854 —693 —7. 83 
BURP ON Nee cence oe cman n qe a Aug 1 273 .37 287 —14 —4. 88 
Motstow sy cars. 3400)... d 271 | 19,497} 1.39 15,708 | +3,789| +24.12 
VST ot ee ae ee Aug. 277 | 16,100 1.72 | 16,830 —730 —4. 34 
Little Zapadni............|... 0.24 8, 625 221 | 8,846 | 2.50] 10,037] —1,191 | —11.87 
AEDSAREER CCl x ere ascwras was -| GasG0e bc: 493 eS 497 - 80 502 —5 —1.00 
Palyireees ese Aug. 5| 8,636 134] 8,770] 1.53] 6,071 | +2,699| +44. 46 
Polovina Cliffs. ...........]... das: t- 3, 876 73 | 3,949] 1.85} 2,785 | +1,164| +41.80 
Little Polovina-........... 2 dOr 1,478 38 1,516 2. 51 1,676 —160 —9. 55 
Morjovi..... is peceg i te Aug. 6] 3,839 79| 3,918] 2.02] 2,994] +924] +30.86 
Wastochnic. 2: . 8. 26-6 Aug. 6-7 | 36,531 777 | 37,308 2.08 | 40,195 | —2, 887 —7.18 

otalesters ser cepe 3. bbe Pores 156,131 | 2,755 | 158,886 | 1.73 | 149,865 | +9,021 | +6.02 

St. George Island: 
Tai eee ee aera ears Soa July 26] 10,219 145 | 10,364 1.40 9, 986 +378 +3. 79 

Staraya Avtil: -< foc. oe et July 28 6, 874 182 7, 056 2.58 6,620 +436 +6. 59 
ap: ley ece ss sts ccoemeete July 27 885 10 895 1.12 SOG} |b opeisass lade a see 

SONU anc cn sees eaesee Se GOs ee 228 4 232 1.72 187 +45 | +24. 06 
ESE deoet-5 lo -5 eee July 29 2,344 36 2,380 1.51 2,628 —248 —9. 
Mast Chifisyecicscacceonse July 30 6,010 91 6,101 1.49 6, 474 —373 —5. 76 

otalecie geeky cee bee ee Foe 26,560! 468] 27,028] 1.73] 26,790 +238 +. 89 

Total (both islands).....|.........- 182, 691 | 3,223 | 185,914 | 1.73 | 176,655 | +9,259 | +5.24 

The results of the complete pup count show conclusively that the 
estimates of pups made annually since 1916 have been, in general, 
correct. In fact, the largest differences between the percentage of 
increase in 1921 and that in 1922 are found on the rookeries that 
have been counted both years. Polovina and Polovina Cliffs rook- 
eries, counted in 1920 and 1921, showed a percentage of increase of 
1.08 and 8.24, respectively, in 1921. In 1922 the increase was 44.46 
per cent for Polovina and 41.8 per cent for Polovina Cliffs. Reef 
rookery, next to Vostochni the largest rookery on the islands, was 
estimated in 1920 to have increased 5.26 per cent and in 1921 to 
have increased 4.23 per cent. The count of 1922 showed an increase 
of 3.3 per cent. The estimate of pups on Vostochni rookery in 1921 
showed an increase of 22.83 per cent, but the count in 1922 showed a 
decline of 7.18 per cent. It may be that the 1921 figure was too 
high, but the difference between the 1921 and 1922 figures for this 
rookery is less than the difference between those for Polovina 
(counted in both years), proving that it is possible for Vostochni to 
vary as the figures show. 

Since the variation in the annual rate of increase on one rookery 
and the variation in the increase of the different rookeries in the 
same year are so great, a constant rate of increase can not be given 
for any one rookery nor can the same rate of increase be applied 
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to every rookery. The figure must be based largely upon yearly 
observations of rookery life. 

The number of pups on St. George Island in 1922 is but little more 
than was estimated in 1921, the increase being 0.89 per cent. In 
1921 the per cent gain was estimated to be 10.47, which was probably 
a little high. The total count of 1922 for both islands showed an 
increase of 5.24 per cent over the estimated figures of 1921. 

That the number of dead pups on the rookeries was small was 
noticed early. In 1921 the percentage of dead pups was estimated 
to be 2.48 for both islands. In 1922 it dropped to 1.73, derived from 
actual counts. It is not believed that the 1921 figure was too high. 
From the top of the counting tower near rock 17 on Reef rookery in 
1921 there were counted 22 dead pups just before the census of 
harems was taken. In 1922 at approximately the same time only 8 
dead pups could be seen from the same tower. Of the 22 rookeries 
on both islands 9 show small increases and 13 show decreases in the 
percentage of dead pups. On Zapadni Reef rookery, St. Paul 
Island, the percentage of dead dropped from 3.19 (actual count) 
to 0.8 (actual count). On Gorbatch rookery it dropped from an 
estimated percentage of 2.74 to an actual percentage of 0.86. It is 
believed that the absence of rain and the constant temperature dur- 
ing June and the greater part of July tended to reduce the death 
rate of pups on the rookeries. The increase in the average harem 
also tended to decrease the percentage of dead pups. 

COWS. 

The table showing the distribution of pups will show the number 
of cows on the various rookeries, since the number of breeding cows 
is the same as the number of pups. The various percentages of in- 
crease or decrease of total pups will also apply to the cows. In all 
90 dead cows were found during the pup count. This is a decrease 
of 29 from the number estimated in 1921. It is a little less than 0.05 
of 1 per cent of the total number. 

BRANDED SEALS. 

Cows that as pups were branded with a single bar across the back 
between the years 1900 and 1903 continue to reappear on the rook- 
eries of St. George Island. Four animals of this series were ob- 
served and each was raising a pup. These animals were at least 
19 years old. When it is understood that seals born in 1903 passed 
through eight years of pelagic sealing, the continued presence of 
these cows is all the more remarkable. 

Several cows bearing the 1912 brand appeared on St. George 
Island, and probably some were present on Bt. Paul, although none 
was observed there. Four bulls branded as pups in 1912 with the 
T-brand on the top of the head were also seen on St. George Island, 
each in charge of a harem. 

HAREM AND IDLE BULLS. 

The count of harem and idle bulls was made on St. Paul Island 
from July 16 to 20 and on St. George Island from July 22 to 23. 
The harems had begun to break up before the count was entirely 
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finished and the harem masters had begun to leave their positions 
for the hauling grounds to rest and recuperate. As long as the 
average harem remains large there will be an early loss of harem 
formation with the consequent influx of idle bulls. In the future 
the counting dates on St. George Island should be the same as on 
St. Paul (July 16 to 20), or if there is no one on St. George available 
to make the count the census should start on St. Paul July 14 instead 
of 16, as at present. For the second successive season inclement 
weather has prevented a harem count on Sivutch rookery. 

‘Harem and idle bulls and percentage of idle bulls to harem bulls compared to 
average harem, Pribilof Islands, 1922. 

H Tdl Total oH rs A arem C) ota idle to verage 
Rookery. Date. | ‘bulls. | bulls. | bulls. | harem | harem. 

bulls. 

St. Paul Island: 
STCOUI eee cL een ees oe oe etinelomae oi July 20 158 10 168 6.33 37. 56 

aera 12. 50 36. 92 
5. 94 64. 46 

12. 50 41.83 
9. 41 59. 89 

15. 79 47.73 
HER SCr oc 34.13 

6. 03 53. 42 
9. 80 52. 61 

17.16 52. 34 
psetecanes 29. 24 

29. 89 50. 40 
18. 45 38. 34 
39. 53 35. 26 
48. 54 38. 04 
21.05 46. 46 

————$ $$  — $$) | _——_ 

-_ ow S 8 

—_———}]_$$ | | | SF 

1 Weather had prevented a count of bulls on this rookery since 1920, when the number was 190. Apply: 
ing the average decrease of harem bulls on all other rookeries on St. Paul Island (10 per cent) there should 
have been approximately 171 harem bullsin 1922. In the same manner the number of idle bulls is estimated 
to have been 27. 

AVERAGE HAREM. 

The average harem is computed by dividing the number of cows 
(females 3 years of age or over) by the number of harem bulls. The 
number of cows is obtained from the pup count, there being one 
cow for each pup. 

The following table shows the average harem in 1922 for each 
rookery, for each island, and for the herd as a whole. For conveni- 
ence the numbers of cows and harem bulls are also shown. The aver- 
age harem on St. Paul Island increased from 43.53 in 1921 to 49.90 
in 1922, on St. George Island from 57.49 in 1921 to 71.50 in 1922, and 
for the entire herd from 45.19 in 1921 to 52.19 in 1922, 
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Average harem in 1922 for all fur-seal rookeries on Pribilof Islands. 

Breed- Aver- Breed- Aver- Fi Harem . Harem 
Rookery. ing Rookery ing age 

A cows. | PUlls- | param cows. | PUlls- | harem. 

St. Paul Island: St. Paul Island—Con. 
Kafovine == = ese seces 5 158 37. 56 Vostochnis 22 Lk 37, 308 803 46. 46 
Lukanin u 96 36.92 ——_—_—_|—__—__ 
Gorbatch. . 219 64. 46 ff) IS Rs A ia 158,886 | 3,184 49.90 
Ardiguen.... Pine 24 41.33 
Ree iy eee cease asec 5 425 59.89 || St. George Island: 
[SUNATING Nea a ear 171 47.73 North. . soceews|) 10,364 132 78.52 
aroun eek susie. 27. 8 34. 13 Staraya “Artil......... ; 83 85.01 
IROIStOL= 32s ccc cen ee cee 365 - 42 ZEA it scum ees 895 21 42.62 
MADAUN ese eee 306 52.61 SOWthe: ais. ee secence 232 4 58.00 
Little Zapadni....... 8,846 169 52.34 Hast Reelssesnscos asc 2,380 49 48. 57 
Zapadni Reef......... 497 17 29.24 Hast Clifiss=-22-2 one 6,101 89 68. 55 
Polovinepe 5-5 4.262) 8,770 174 50. 40 
Polovina Cliffs... .-.. 3,949| 103] 38.34 Total. saan: fe 27,028 | 378 | 71.50 
Little Polovina....... 1,516 43 35. 26 

ANNUAL INCREASE OF THE FUR-SEAL HERD. 
* 

The increase in the total number of seals in 1922 over 1921 was 
23,519, or 4.04 per cent, as compared with an increase of 28,725, or 
5.2 per cent, in 1921 over 1920. 

The minimum reserve of 5,000 three-year-old males for breeding 
purposes as required by law will be wholly inadequate in the future 
for the proper upbuilding of the fur-seal herd. Not less than 10,000 
seals of this class must be reserved annually in order to provide 
sufficient male strength. 

COMPLETE CENSUS. 

The figures given below are as nearly correct as it has been possible 
to make them. They are based upon a complete pup count on all 
rookeries, a harem count in which 11 elevated counting stations were 
used, and a close approximation of the numbers of those classes of 
seals that can not be counted. The seal herd shows a satisfactory 
growth, although the decrease in number of breeding bulls and the 
increase of average harem should be corrected as soon as possible. 
eon can be done, of course, by reserving a large number of 3-year-old 
males. 



ALASKA FISHERY AND FUR-SEAL INDUSTRIES, 1922, 117 
Details of census of fur seals, Pribilof Islands, as of August 10, 1922. 

St. St. 
Paul. | George. 

_ Et sere tn Bats, COUNLEME ate. |. ce wee ek 5-year-old males, estimated— Breeding cows, 3 years and over, Continued. By inferences) (2 9/71 aes % 4-year-old males end of 1921... 6, 403 362 
Harem bulls, counted............ Natural mortality, 10 per Idle bulls, counted....-.......... CRIS SETS EUR RY ake ee we 640 36 bia pea male and female, esti- 
mated: 

Males born in 1921........... 74,932 OATS EEE STAs Seen S abet ens 2 Natural mortality, 40 percent} 29,973 

Yearling males killed 1922... 

2-year-olds, male and pe a a CU Gbpegene. eee ee timated: 

Surplus bulls, 7 years and over, 
estimated: 

SS ——— Sse EP ee aU Yearling males, Aug. 10, 1921. 
Natural mortality, 174 per 

lls Sea Ane Senet k Wea One ee etic 
MOHG memo oe sesceee nc ieee 

6-year-old males end of 1921... 
Natural mortality, 20 per 

cent 

Surplus bulls, Aug. 10, 1921... 
Surplus bulls killed fall 1921 

po et DO IO et 

Remaining surplus for 1922 2-year-old males end of 1921.. 
Natural mortality, 123 per 

cent SS ae em we wn eee em 6's wie salar 

Ot |= im s\n wlalaim w\e\u ea ae etein a 
Seely eRe scr 1921 bulls remaining 1922... _. 3-year-old males killed 1929. _ Breeding bulls of 1922... 3-year-old males, Aug. 10, 1921 bulls Temaining, de- 19: ducted is 6 [el ae St wim ne an we be wees i 
Ne ee 

Increment new bulls 1922... ‘ 
7-year-old males computed 

for 1922 
3-year-old males killed fall 1921 
3-year-old males end of 1921.. 
Natural mortality, 10 per Total theoretical surplus bull ieee ene EE stock for 192290) 5, 161 a 
is (> Scout Peetunitig Total surplus in 1922.........[ 5,161 | 342 4-year-old males killed 1922... J bells detec aoe 769 42 4-year-old males, Aug. 10 Rae ameecat - | 10,950] 57 || ‘Surplus bulls in 1922......__. 4,392 300 5-year-old males, estimated: 
Toft males, Aug. 10 

1921 
? 

wee ceseveneedntaecavace 
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RECAPITULATION. 

St. Paul. |St. George. 

Pups--t... seta msce Seen ais Sisteisiod delete auisienineinn seis elke eieemiee 158, 886 27, 028 
COWS ee eee eee ne sacle emae et is clas « cfale eee auieinia aialelate eisinetniete slelensieiare 158, 886 27, 028 
Haremipyliss. = 3.0 csesbemdecrcmt ace nc spenpas ss ocean ebiaeeaes metals 3, 184 378 
Pen UU Skee wees sams cee cs semiee dame tena eee eee seetae et seae same ate 493 15 
YGATIIMPMOM AOS Sc <5 wa ceo cstericin co = 0 s(cinsisteneieisiaieiisinicaisea= ac sleiee i 48, 706 8, 707 
Yearling males... 44, 951 8, 037 
2-year-old females 39, 580 6, 700 
POAT CONGNIM AOS ototee cau a nie aia siaielalcieiain a clelaloe ett wlate Oise ol arelalsewtaial au wiaratel terest 34, 943 5,977 
B-Vear-OlGsnales -\inc cee sce sogdseel Neh seme cteiels| «iain aici soteie aietelere sieiets ok 6, 787 672 
S-VORT-OMNTAION |. cis -s coe se seistoce seaee sien csineeeaamesaee anos s eae 10, 950 857 
S-VOAL-OlG IM AIGS to doe =o ve eon aml eeele «cle mania cetolete =\simislelwisialuinieiale eteseane 5, 755 325 
ieee) (el Tah CS BBR Ne ee Aon sobs eo mncEcsoL pao Oc OGD COM AA SOO RSOLC 3, 069 702 
Surplus: bulls (7years!and. OVeGr) oon cninea copa ans aces eit= Sones cee ae 2, 196 150 

Motalyi9222.ccccodaccs ~deeeancescer Mdbaeocacce Buesepere sce" | 518, 386 86, 576 

Total 102i ose ae ce ApBEc Oc ooceeerc scan sebosouses sanaoe Sapeeia wien a teinin ecto ew hele aoe 
Wumericalincresse; 1922s on ns ene sme c= east ie Fe Peels mere ae cee ie areiae Ice Stee 
POr:cent Merease’s 1922 scnad ais cmmeniciaiss smeieirms ieee a Secieeis ~scioetuce sa clob es Musee sean eee si 
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INTRODUCTION. 

» The depression that existed in the fishery industries in 1920-and 
1921 was, in some respects, relieved in 1922. The vessel landings 
in New England showed a slight increase in quantity, but because of 
lower prices the aggregate value was slightly less than that of 1921. 
At Seattle both quantity and value were about the same as for 1921, 
although the distribution of catch among the species was consider- 
ably different. The products of the fisheries of California amounted 
to 168,969,733 pounds, an increase of 32.3 per cent over the 127,728,623 
pounds in 1921. The amount of fish frozen was 75,453,674 pounds, a 
decrease of 4.9 per cent from the amount frozen in 1921. The cold- 
storage holdings, especially in the latter part of the year, were smaller 
than they had been for several years. The indications are that this 
decrease in freezing and cold storage is due to a better market demand 
rather than to poorer supply. 

There were some gratifying increases in the canning of fishery 
roducts. There was a decrease in canned shrimp; all other canned 
ishery products for which statistics are available increased. The 
canned salmon increase was due entirely to Alaska; there was a sharp 
decrease in the pack in the Pacific Coast States. The total pack of 
canned salmon was 5,234,898 cases, valued at $38,420,717, an 
increase of 45.4 per cent in quantity and 53.1 per cent in value over 
1921. The pack of all canned fishery products amounted to 
10,094,549 cases, valued at $60,464,947, an increase of 35.2 per cent 
in quantity and 29.6 per cent in value. The exports of canned fish 
in 1922 were 88,416,266 pounds, valued at $10,271,740, which is 
equivalent to 18 per cent in quantity and 17 per cent in value of the 
total pack. 

The market surveys of Boston and Seattle brought forth some 
interesting and significant facts. Particularly significant is the fact 
that over half of the total amount of fish landed at Boston is con- 
sumed in Massachusetts, and over 80 per cent is consumed in Massa- 
chusetts and neighboring States. This indicates that little advantage 
is taken of the potential markets inland by the New England fisheries. 
From Seattle, however, the bulk of the shipments are to» the interior 
and eastern markets, 

SUMMARY OF OPERATIONS. 

During the year, statistical canvasses were made of the fisheries 
of New York, New Jersey, Pennsylvania, and Delaware for 1921, 
and the take of shad and alewives in the Potomac and Hudson Rivers 
in 1922, and of the canned fisheries products and by-products of the 
United States for 1922. The last was confined to the number of 
plants operated, the raw products utilized, and the quantity and 
value of the finished products. The landings of the vessel fisheries 
at the ports of Boston and Gloucester, Mass., Portland, Me., and 
Seattle, Wash., have been collected as heretofore, and published as 
monthly and annual bulletins. In addition, there have been pub- 
lished monthly bulletins showing the amount of the several species 
of fish frozen and held in cold storage in the several sections of the 
country. The results of the canvasses mentioned, and summary 
analyses of the freezing and cold-storage data are embodied in the 
present report, together with quantity of fishery products taken in 
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California in 1922, the fishery products received at the Municipal 
Fish Wharf and Market, Washington, D. C. 

Market surveys were made of the two primary producing markets 
of Seattle and Boston, and the results published as documents of 
this bureau. 

In fisheries technology, notable progress has been made in net 
preservation, brine freezing of fish, and in the methods of canning 
sardines. 

PUBLICATIONS OF THE DIVISION. 

During the calendar year 1922 the following publications, prepared 
in this division, were issued. This list does not include the monthly 
statistical bulletins for Boston and Gloucester, Mass.; Portland, Me.; 
and Seattle, Wash. 

DOCUMENTS. 

Principles involved in the preservation of fish by salt; by Harden F. Taylor, 8°, 
22 pp., Document No. 919. 

Deductions concerning the air bladder and the specific gravity of fishes; by Har- 
den F. Taylor, royal 8°, 6 pp., Document No. 921. 

Trade in fresh and frozen fishery products and related marketing considerations in 
Seattle, Wash.; by L. T. Hopkinson, 8°, 16 pp., Document No. 930. 

Fisheries and market for fishery products in Mexico, Central America, South 
America, West Indies, and Bermudas; by Lewis Radcliffe, 8°, 105 pp., 1 text fig., 
Document No. 931. 

Fishery industries of the United States. Report of the division of statistics and 
methods of the fisheries for 1921; by Lewis Radcliffe, 8°, 136 pp., 8 figs., Document 
No. 932. 

ECONOMIC CIRCULARS. 

Trade in fresh and frozen fishery products and related marketing considerations in 
Minneapolis and St. Paul, Minn.; by L. T. Hopkinson, 8°, 21 pp., Economic Cir- 
cular No. 55. 

STATISTICAL BULLETINS. 

Statement, by fishing grounds and by months, of quantities and values of certain 
fishery products landed at Seattle, Wash., by American fishing vessels during the 
calendar year 1921. Statistical Bulletin No. 516. 

Statement, by months, of the quantities and values of certain fishery products 
landed at Boston and Gloucester, Mass., and Portland, Me., by American and Canadian 
fishing vessels, during the calendar year 1921. Statistical Bulletin No. 517. 

Statement, by fishing grounds, of the quantities and values of certain fishery prod- 
ucts landed at Boston and Gloucester, Mass., and Portland, Me., by American and 
Canadian fishing vessels, during the calendar year 1921. Statistical Bulletin No. 518. 

Fisheries of Maryland and Virginia, 1920. Statistical Bulletin No. 520. 
Canned fishery products and by-products of United States and Alaska, 1921. 

Statistical Bulletin No. 526. 

IMPROVEMENTS IN MERCHANDISING FISHERY PRODUCTS. 

_ There has been evident, particularly for the past year or two, an 
increasing ee by the fish industry of the necessity for better 
methods of merchandising fish. This field of activity includes not 
only technical methods of preparing, shipping, and handling fish, 
but also favorable publicity that will increase the demand for and 
consumption of fish. 
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FILLETING FISH. 

Perhaps the most conspicuous expression of this growing demand 
for better technical methods is to be found in the recent development 
of filleting fish at the point of production. The practice began in 
New England, by way of an effort to stimulate a better demand for 
haddock, and has since been taken up at New York and other points. 

The haddock are split, the backbone is removed, and the fillets 
are brined about 20 minutes in strong brine. Some cracked ice 
is added to the brine, if necessary, to pies it cool. After having 
been brined, the fillets are each wrapped in a vegetable parchment 
paper and are laid in pans or other vessel to be stored over night in 
a cold room. The temperature of the room is above 32° F., so as 
not to freeze the fillets. Pans of fillets, without lds, are stacked 
one above the other so as to press the fillets firmly, but not excessively. 

Next morning the fillets are packed in tinned lard cans, each can 
containing about 30 pounds of the fillets. The lid is put on and the 
can is put into a wooden packing case, surrounded by cracked ice. 
These cans are shipped to retailers, delicatessens, butchers, and 
others, who dispose of one or more cans in each week’s trade. 
A variation in this practice is, instead of wrapping each fillet in- 

dividually, to pack the fillets in the can in layers, following each layer 
with a cut circle of parchment paper. 
Among the advantages of filleting fish are: (1) The entire piece 
urchased by the housewife is edible, and the price charged for it is 
ully competitive without making any allowance for waste; (2) there 

is no scaling, gutting, and cleaning to be done—a very disagreeable 
task to most women; (3) the shipping weight of the fish is reduced; 
(4) the waste, which is usually around 50 per cent of the round fish, 
remains in the hands of the producer, where it may be possible to use 
it economically; (5) fillets receive a more careful and cleanly handling 
all along the line, from producer to consumer, for the reason that they 
are wrapped, are more delicate, and will not endure the rough handling 
that round fish are subjected to. 

It might be supposed that the retail customer would object to this 
method of distributing the fish, on the ground that he has little or no 
means of determining the identity of the fish, or judging its quality, 
since the distinguishing marks of both identity and quality are gone. 
Yet such an objection, if it exists, has not prevented a very rapid 
growth in the past year of this method of distributing fresh fish. 

MARKET SURVEYS. 

During 1922 the bureau continued its surveys of the fish industry 
of important or representative cities. In 1921, the surveys were of 
consuming markets; in 1922, two primary producing markets, Seattle 
and Boston, were studied, Seattle for 1921, and Boston for the month 
of September, 1922. 

Seattle, with a population of 315,312, is the principal landing port 
for the northern Pacific fisheries. More than 83 per cent of the fish 
business is in salmon and halibut. The remaining business is in sable- 
fish, rockfish, smelts, crabs, oysters, and shrimp, with 26 others in 
moderate or limited demand. There are 19 wholesalers and 48 re- 
tailers in Seattle, a ratio of 1 retailer to each 6,569 people. The pro- 
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duction of fish (that is, fish landed) at Seattle amounted to 45,246,000 
pounds. Of fresh and frozen fish, 29,778,000 pounds were shipped to 
oints in the United States and foreign countries. Part of this was in 
ess-than-carload shipments, but 635 full carloads went forward from 
Seattle in 1921, 78.5 per cent of which went to seven cities—Chicago, 
New York, Kansas City, Boston, Omaha, St. Louis, and Buffalo. 
Fish were frozen in Seattle in 1921 to the extent of 12,025,501 pounds. 
Thirteen carloads of oysters were received into Seattle from eastern 
oints. 

4 Boston, with a population of 748,060, is the principal landing port 
for the fisheries of the North Atlantic. It is also the greatest fishing 
port in the United States and is one of the world’s fishing 
eee More than 80 per cent of its fishing business, on the 
asis of quantity, is in cod, haddock, halibut, mackerel, sword- 

fish, and lobsters, a very different group of fish from those 
prominent in Seattle. A moderate or limited business is also done in 
alewives, butterfish, carp, flounders, salmon, smelts, suckers, clams, 
crabs, oysters, and some 54 other species. In Boston there were 108 
wholesale fish dealers and 171 retailers, there being 1 retailer for each 
6,926 people. The production or landings of fish in the year ended 
September 30, 1922, was 101,949,725 pounds, valued at $4,051,350. 
In the month of September, 1922, the following products were landed 
at Boston: Fish, 13,244,074 pounds; lobsters, 616,355 pounds; 
clams, 338,964 pounds; oysters, 10,068 gallons or 80,554 pounds; 
scallops 478 gallons or 3,824 pounds. The amount of fish frozen dur- 
ing 1922 was 8,946,183 pounds, and the amount distributed from 
Boston during September, 1922, was 11,056,709 pounds. In the month 
of September, 56 percent of all Boston’s fish was consumed in Massachu- 
setts; and in Massachusetts, Rhode Island, Connecticut, New York, 
and Pennsylvania, 89 per cent of Boston’s fish was consumed. Boston 
is thus unlike Seattle in this respect, where the great bulk of ship- 
ments goes to distant cities. 

TECHNOLOGICAL INVESTIGATIONS. 

As has been pointed out in previous reports of this division the 
need for technological investigations is urgent. This fact is evident 
both from the consumer’s and the producer’s standpoints. The 
former may wonder why, when the fisherman spends no money to 
raise his crop of fish, the price approaches that of meats produced 
at much expense; the producer, on the other hand, readily recognizes 
that the serious limits set upon his business by the perishable character 
of his goods and by the large overhead expense prevent an economic 
and profitable operation and an increase in the demand. 

Fish are about 50 per cent edible, the remaining 50 per cent being 
heads, fins, viscera, etc. In the case of cattle and swine such waste is 
kept and utilized at a considerable profit. There is little doubt that 
similar use can be more extensively made of waste from fish, if proc- 
esses are made available by technological research. It is also evident 
to the producer of fish, if not to the consumer, that the great total 
losses in transportation increase the price of fish without increasing 
its value; much of the loss resides in inferior quality after transpor- 
tation, which stifles demand. The obvious remedy for this condition 
is to devise methods of transportation of fish that will prevent both 
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the total losses and the losses of quality in transit, so that the con- 
sumer may be offered a more attractive article at a competitive price, 
and that will stabilize the business generally. A reduction in the 
fisherman’s overhead expense for nets will make the business more 
profitable and stable at its foundation and help to compensate for 
the arduous character of the fisherman’s calling. We are concerned 
here, not so much with the immediate profits of the fish business, how 
large they are, and who gets them—important as these questions are— 
but with the more significant fact that one of our large natural re- 
sources stands poary developed, because of waste, excessive overhead 
expenses, and difficulty in reaching the great inland markets with a 
first-class product. The waste can not be avoided, the overhead 
expenses can not be reduced, and the distant markets can not be 
reached except through scientific technological investigations. These 
have been conducted as far as possible during the year with such 
funds and personnel as were available, as will now be discussed tnore 
particularly. 

BRINE FREEZING. 

In the report of this division for 1921 mention was made of the 
status of brine freezing at that time; it was pointed out that in prin- 
ciple brine freezing seemed to have received sufficient test and ap- 
proval by various scientific investigators and that the chief problem 
ahead was the engineering one of constructing a plant that would 
freeze fish on a large commercial scale, with a minimum of labor and 
expense and in a sufficiently simple way to be practicable in the ordi- 
nary fish freezer. The requirements of such a plant are: (1) It should 
apply brine at the lowest possible temperature to the entire surface 
oF the fish; (2) the brine should move at the highest practicable 
speed past the surfaces of the fish; (3) the fish should be held straight 
and trim during the freezing; (4) operation should preferably be 
continuous and automatic; (5) the other necessary operations of 
washing and glazing should be performed, if possible, without addi- 
tional handling. The prospects of meeting these requirements seem 
ood in an experimental plant that has been constructed in the 

Wishity Products Laboratory in Washington. Fish are suspended 
on a horizontal bar and while so suspended are conveyed by mechani- 
cal means successsively through a shower of water for washing, 
through a violent shower or rainstorm of brine at a very low tempera- 
ture for freezing, and again through a shower of water that washes 
off the brine and applies a glaze. The fish emerge from the apparatus 
frozen and glazed, ready for storage or shipment. During 1922 the 
plant was constructed and to some extent tested. Its operating 
characteristics appear promising, but it will need to be given more 
thorough trial before definite conclusions can be reached. - 

PRESERVATION OF NETS. 

Mention was made in the report of this division for 1921 of the work 
undertaken on the preservation of fish nets. Extensive experiments. 
brought out interesting and useful data concerning many preserva- 
tives in common use, and also concerning materials not hitherto used 
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as net preservatives. These data are published in a separate docu- 
ment. * 

Perhaps the most significant result of the work was the discovery of 
the valuable properties of copper oleate as a net preservative. This 
substance, from its fundamental properties, seemed to offer good 
prospects as a net preservative and was accordingly included in vari- 
ous combinations among the substances tested. It was dissolved in 
gasoline or benzol and the twine was dipped in the solution. By test- 
ing before and after various periods of exposure it was found to pre- 
serve lines well, to reduce if not entirely prevent fouling by barnacles 
and the like, and in addition to these two fundamental essential prop- 
erties, to affect stiffness and increase weight of twine very little. It 
does not diminish mechanical wearing quality of twine, as many other 
preservatives do, does not shrink the line appreciably, and is not very 
expensive or difficult to apply. Announcement of the results was 
made at the annual meetings of the American Fisheries Society at 
Madison, Wis., September 6, 1922, and the United States Fisheries 
Association at Atlantic City, N. J., September 22, 1922, followed by 
short publications of summaries of results in the fishery trade journals. 
The interest of the fishing industry in this work was immediate and 
widespread. The next step in the investigation was a practical trial 
of the material by several fishermen in different localities, to whom 
the bureau supplied a sufficient amount of copper oleate for the tests, 
with directions for use. About 700 pounds of copper oleate were made 
for this purpose in the Fishery Products Laboratory. 
Meanwhile, several companies entered into the manufacture of cop- 

per oleate for a fish-net preservative, and much of it has been sold 
and is in use by fishermen. The 1923 season will probably be con- 
clusive of its actual value. Further experiments are in progress on a 
still larger scale, including several other proposed preservatives and ; 
also combinations of copper oleate designed to make it more suitable 
for use in fresh water, since earlier experiments were less satisfactory 
in fresh water than in salt water. 

CANNING SARDINES. 

By far the greater part of sardines canned in California are packed 
in sauce, principally tomato. The usual procedure is to clean the fish, 
brine, dry, fry in oil, cool and pack the fish, exhaust, seal, and retort 
the cans. 

In this process, the most objectionable feature is the frying in oil. 
This part of the process was studied at the San Pedro (Calif.) labora- 
tory in 1921, and the results of that investigation were discussed in the 
division’s report for that year. The results have since been pub- 
lished by the California Fish and Game Commission.* The principal 
conclusion arrived at in that work was that the fry bath is responsible 
for the existence in canned sardines of a rancid, indigestible oil, which 
greatly detracts from the quality of the goods. Since the primary 
aeons of the fry bath is to cook out the excess water from the fish 
efore canning, the problem resolved itself into one of removing the 

* Taylor, Harden F., and Arthur W. Wells: Properties and Values of Certain Fish-net Preservatives. 
inbton. ses , Report of the U. S. Commissioner of Fisheries for 1923, Document 947, 69 pp., 35 figs. Wash- 
ngton, } ; 
_4 Beard, Harry R.: Changes in Oil used for Frying Sardine, State of California, Fish and Game Commis- 

sion Circular No. 1, March, 1922, 8 pp. 
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water by some other means. Three methods of doing this were tried 
at the San Pedro laboratory, namely, steaming, cooking in brine, and 
packing raw after brining and drying. 

Steaming has been tried before—in fact, the method was at one 
time practiced on a considerable scale in California, but the practice 
was discontinued. Later, the method was practiced at Santa Cruz 
and Monterey, and the product found favor with the public. Steam- 
ing causes the skin to break, both during the processing and after the 
cooling. This effect was diminished by brining and drying, and oiling 
the trays helped to prevent the fish from sticking to the trays. A 
product was thus prepared that was apparently the equal, if not the 
superior, of the usual fried-in-oil product. 

Good results were obtained also by precooking the fish in strong 
brine instead of oil. The usual operation of brining the fish is omitted. 
Preliminary drying was necessary, however, to prevent the skins from 
breaking during the cooking, and precautions were also necessary to 
prevent the fish from sticking to each other and to the trays. 

The third method of removing the water consisted of brining in 
saturated brine, drying, canning, and processing. The brining is car- 
ried as far as possible without excessively salting the fish. A thick 
tomato sauce is used to take up the excess moisture released in the 
processing. Certain common losses are prevented by this method, 
but there is a disadvantage in the necessity of carrying out the process 
within a few hours after the fish are landed. 

The investigator who did this work also visited the Maine sardine 
industry during the summer in order to acquaint himself with the 
problems in that field and to throw any possible light on the methods 
employed in California. 

SALTING OF PACIFIC COAST MACKEREL. 

Attention was also given by the San Pedro laboratory to the salting 
of the Pacific coast mackerel (Scomber japonicus). The fish is, in 
general, less fat than the Atlantic mackerel, and its flesh is more 
likely to be dark in color. It was found, however, that the method 
that had previously been found in the bureau’s salting experiments 
to be applicable in warm climates was here successful. This process 
consists in using high purity salt, applied dry to perfectly fresh fish 
that have been thoroughly cleaned of all blood and viscera. ‘These 
points all seem to be essential. Packers who have themselves hit 
upon most of these points have found by experience that salt of 
inferior quality produces inferior fish and that any blood left in the 
fish darkens the fish. Freshness is also important, so much so that 
salting aboard the boats seems advisable. 

PEARL ESSENCE. 

Pearl essence, an incidental product of the fisheries, has continued 
to attract considerable attention, perhaps more because of its spec- 
tacular beauty and novel application than because of its real impor- 
tance. Nevertheless, the business of manufacturing imitation pearls, 
which was at one time an exclusively Kuropean and Japanese indus- 
try, has migrated to America to a very large extent. New York city 
and environs are now the center of a considerable imitation-pearl 
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industry, based largely on the supply of pearl essence produced in 
the United States, principally from herring and alewife scales. 

A process of making a pearl essence has been elaborated in the 
Fishery Products Laboratory, which in technique is a radical depar- 
ture from any methods known to have been used hitherto. By this 
method, the irene material from the scales is removed in water, 
together with any dirt, blood, slime, etc., that may accompany the 
scales. The crude suspension is then treated chemically in such a 
way that the lustrous or nacreous particles are removed bodily from 
the crude liquor, leaving all else behind, and are transferred to ether 
and then to ethyl or amyl acetate. These latter substances are 
solvents of nitrocellulose, which, when dissolved in the suspension, 
makes a pearl lacquer. This, applied to glass beads, makes the 
“indestructible” pearl of commerce. ‘‘Essence’”’ has been prepared 
by this process from the alewife, herring, gizzard shad (Dorosoma 
cepedianum), shad, silver carp or quillback (Carpiodes velifer), and no 
doubt could be prepared successfully in large quantities from -the 
California pilchard or sardine and from many other fishes. The 
details of the process will be published in a separate document. 

FISHERIES EXHIBIT AT THE BRAZILIAN INTERNATIONAL CENTENNIAL 
EXPOSITION. 

The act of Congress authorizing the United States to participate 
officially in the Brazilian International Centennial Exposition at 
Rio de Janeiro, contained the following clause: 

Sec. 6. That the Secretary of Commerce is hereby authorized to collect and prepare 
a suitable exhibit of the fisheries industry of the United States for exhibit at the said 
exposition and accompany the same with a report respecting such industry, to be 
printed in the English, Spanish, and Portuguese languages, the expense of the same 
to be paid out of the appropriation hereinafter provided for. 

Under authority from the Secretary of Commerce, the Bureau of 
Fisheries prepared and managed that part of the exhibit that related 
to the fisheries of the United States. (See figs. 1 and 2.) 

The organization and functions of the Bureau of Fisheries were 
shown by a chart and an automatic projection machine, which 
showed successively 70 slides. The salmon industry was exhibited 
by means of an illustrated chart, showing life history of the salmon, 
the methods of propagation, the fishery, and methods of canning and 
salting the salmon. The chart was supplemented by an exhibit of 
salmon eggs in various stages of development, a model salmon-pile 
trap, a display of canned salmon, a projection machine showing 
20 slides, and 2 motion-picture films. 

The New England bank fisheries were represented also by illus- 
trated charts, dealing with fish-cultural and industrial aspects of 
the fishery, two vessel models, and 120 implements, and a variety of 
exhibits of canned, smoked, and salted fishery products, nets, lines, 
twine, models of fish, and several large transparencies showing New 
England fishing operations, hatchery work, etc. An exhibit was 
made also of the bureau’s work on the preservation of nets. 

The sardine industry was represented by two large illustrated 
charts, supplemented by a model of a sardine weir and a display of 
canned sardines. Seventy-five pictures of the oyster industry were 
shown successively by an automatic projection machine. The chief 
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implements and products of this industry were on exhibition. The 
menhaden industry was shown by an illustrated chart and a compre- 
hensive assembly of oils, fertilizers, fish meal, and other by-products 
of the fisheries. 

An exhibit of canned fishery products was comprehensive and of 
a variety that might surprise anyone who was not familiar with the 
field. Other exhibits included oceanographic apparatus, the mother- 
of-pearl industry, retail marketing methods, fishery colleges, and an 
assembly of publications of the Bureau of Fisheries, including one 
specially prepared for the purpose and printed in English, Spanish, 
and Portuguese, being a general description of American fisheries. 

AGREEMENT BETWEEN BUREAU OF THE CENSUS AND BUREAU OF 
FISHERIES RELATIVE TO COLLECTION OF STATISTICS ON FISH AND 
MARINE ANIMAL OILS. 

According to an agreement reached on May 18, 1922, between the 
Bureau of the Census and the Bureau of Fisheries, the statistics of 
production and consumption of fish and marine animal oils in the 
United States are now taken by the Bureau of Fisheries. Cards are 
sent out quarterly to all producers, who are asked to fill out and return 
to this bureau the data required. The data are tabulated and sup- 
plied to the Bureau of the Census. The agreement is as follows: 

The Bureau of the Census is required to collect quarterly reports on the production, 
consumption, and stocks of animal and vegetable fats and oils. The Bureau of Fish- 
eries has been collecting annual statistics concerning the commercial catch of fish, the 
pack of fish, and the manufacture of by-products, which includes fish oils. The col- 
lection of these statistics by the two bureaus results in the duplication in the same 
department of the collection of similar reports on the production of fish oils from the 
same concerns. In order to avoid this condition it is agreed that the Bureau of the 
Census will discontinue the collection of statistics concerning the production of fish 
oils and stocks held by the producers. 

It is further agreed that the Bureau of Fisheries will canvass the producers of fish 
oils quarterly and furnish these statistics to the Bureau of the Census to be incor- 
porated in the quarterly reports on the production, consumption, and stocks of animal 
and vegetable fats and oils. 

The Bureau of the Census will furnish the Bureau of Fisheries its list of producers 
of fish oils. The Bureau of Fisheries will canvass the estabishments listed as well as 
any others which may be added from time to time from any available sources. The 
Bureau of Fisheries will be responsible for the completeness of the canvasses and the 
accuracy of the statistics, and if desired will furnish the Bureau of the Census a list 
of the producers of fish oils. 

Every effort will be made by the Bureau of the Census to expedite the issuance of 
the preliminary press bulletins showing the production, factory consumption, and 
stocks of fish oils. Due credit is to be given to the Bureau of Fisheries for its collection 
of the data. 

Details not covered by this agreement can be adjusted by the two bureaus. 

THE PRODUCTION OF CERTAIN FISHERY PRODUCTS IN 1921 AND 1922. 

The following table has been prepared to show the general trend of 
the fish industry in so far as changes can be shown by data available 
that apply to 1921 and 1922: 
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Production and value of certain fishery products in 1921 and 1922, compared. 
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Increase (+) or 
1921 1922 decrease (—). 

| 

Products. 
Quantity Value 

; Quantity. Value. Quantity. Value. (per (per 
| cent). cent). 

a a ee 

Fish landed by fishing vessels 
at Boston and Gloucester, 
Mass., and Portland, Me 

seeeees ete carom ci pounds.., 150, 865, 106 |$5, 722,629 | 159,875,391 | $5, 465, 932 +6.0 —45 
ar ips Re SPAT seo oe number.. (Het Se aeasoscore 6,349: |. boss seca co Ok | ee ae 
Fish landed by fishing and col- 

lecting vessels at Seattle, | 
Washes ac cseceasss pounds... 26, 095, 225 | 2, 202, 181 26, 415, 440 | 2, 214, 654 +1.2 +.6 

Trips. sist}. number... SOBW[ERoE once o0 | SoG sees oe Sek | SPA i Se eos 
Products of the fisheries of Cal- | 

itdrain ts eee” pounds..| 127, 728,623 |........... TBE; 9690 782 |e cee casa ce at al larder al 
Fish received at Washington, 
D. C., Municipal Fish 
Wharf.........-...- pounds..| 9,066,744 |........... 6i442 Oba SOR Moggi} a oe) 

Sponges sold at Sponge Ex-. 
oes Tarpon Springs, 

ipl : eee pounds... 386,390 | 540, 093 526, 885 699,092 | +36.4 +29. 4 
Canned salmon: 

Pacific Coast States. .cases. 1, 002, 948 | 9, 234, 425 738, 246 | 8, 633, 524 —26.9 | —6.5 
AlAShe oe ib. tose do.:.:| 2, 596, 826 |19, 632, 744 4, 501,652 | 29, 787, 193 +73.3 +51.7 

Total, canned salmon 
Raivio te eens cases... 3, 599, 774 |28, 867, 169 5, 234, 898 | 38,420,717 | +45.4 +33.1 

1,350,631 | 3,960,916 | 1,775,878 | 5,750,109] +315) 445.2 
415, 587 | 2,346, 446 728,979 | 3,361,480| +75.4| 443.2 

1, 766, 218 | 6,307,362 | 2,504,857 | 9,111,589} +41.8 +44, 4 

418, 821 | 3,073, 681 614,926 | 4,294,912} +446.8) +39.7 
Canned shrimp.......... do. ...| 667,558 | 3, 804, 781 586,691 | 3,064,087] —12.1 —19.4 
Canned clams, hard, soft, and 

Favors Sit! $11.22 cases. . 226, 130 | 1, 166, 507 308,640 | 1,716,365} +36.5|  —47.1 
Canned oysters.......... do....| 455, 550 | 2,179, 271 522,549 | 2, 423,616 +14.7 +11,2 
All canned fishery products | 

PAB Sec merece. ES cases..| 7, 464,210 46,634,706 | 10, 094,549 | 60,464,947 | +35.2 +29.6 
Menhaden industry: | 

Fish utilized . ©...number.. 1, 031, 540, 881 | 1,929,219 |1, 212,450,669 | 2,457,690] +17.5|  +27.4 
Fish meal and scrap pro- | 

aqneed... 232i: tons. .| 82,662 | 2, 286, 095 93,576 | 3,221, 758 +13. 2 +40.9 
Diherasus cpp sk? Te gallons..| 6, 260,478 | 1,719, 892 7,102,677 | 2,904,833} +13.4 +68.9 

Fish oils, other than menhaden | | 
» SURE Ta, gallons... 1,017,074 | 264,011 1, 185, 651 441,213 | +16.6 |) | +67.1 

Fish meal and scrap, other | | 
jw than menhaden........ tons. .| 24,611 | 1, 271, 047 22,590 | 1,114, 919 —8.2 —12.3 
Liquid glue. .......... gallons. .| 347, 048 364, 415 323, 003 278, 424 —6.9 —23.6 
ATE DYADIOUUCLS chess cccecnceslopsettecccecee Sooo ls Sadi late cise aseismic DT SOOO 93 jee ctegenc | +36.4 
Fish, frozen..........- pounds..| 79,173, 892 |......-.... 75, 453,674 |.......0e00- Da 7A, 

s 

CANNED FISHERY PRODUCTS AND BY-PRODUCTS OF THE UNITED 
STATES AND ALASKA, 1922. 

The bureau has made a canvass of the canned fishery products and 
by-products of the United States and Alaska for 1922, and the sta- 
tistics were published and distributed to the trade as Statistical Bul- 
letin No. 570. The total value of canned products in 1922 amounted 
to $60,464,947 and of by-products to $11,390,693. As compared 
with 1921 there was an increase in the value of canned products 
of $13,830,241, or 29.65 per cent, and in the value of by-products of 
$3,038,866, or 36.38 per cent. The canned products consisted princi- 
pally of canned salmon, sardines, shad, alewives, albacore, tuna, 
shrimp, crabs, clams, and oysters, and the by-products of fish scrap, 
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fish meal, and fish oil, and ground oyster shells for use as Pea? 
grit and lime. The fish scrap, fish meal, and fish oil prepared in the 
menhaden industry are also included under by-products of the 
fisheries. 

CANNED FISHERY PRODUCTS. 

‘ CANNED SALMON. 

In 1922 there were 179 plants engaged in canning salmon in the 
Pacific Coast States and Alaska. Of this number 123 were operated 
in Alaska, 34 in Washington, 20 in Oregon, and 2 in California. 
The pack of canned salmon in 1922, on the basis of 48 pounds to the 
case, amounted to 5,234,898 cases, valued at $38,420,717. 

In the Pacific Coast States the pack amounted to 733,246 cases, 
valued at $8,633,524, as follows: Chinook, 314,126 cases, valued at 
$4,572,607; coho or silver, 204,262 cases, valued at $1,533,173; sock- 
eye, 97,927 cases, valued at $1,816,901; chum, 87,583 cases, valued 
at $365,303; humpback or pink, 3,551 cases, valued at $18,546; and 
steelhead, 25,797 cases, valued at $326,994. The pack in Washing- 
ton amounted to 441,667 cases, valued at $4,823,074; in Oregon, 
279,748 cases, valued at $3,614,140; and in California, 11,831 cases, 
valued at $196,310. The pack in California consisted entirely of 
chinook salmon. ’ 

In Alaska the pack amounted to 4,501,652 cases, valued at 
$29,787,193, divided as follows: Red or sockeye, 2,070,658 cases, 
valued at $19,135,696; humpback or pink, 1,658,423 cases, valued 
at $7,189,494; chum or keta, 565,918 cases, valued at $2,251,540; 
coho or silver, 175,993 cases, valued at $962,790; and king, chinook, 
or spring, 30,660 cases, valued at $247,673. 

Compared with the previous year there was an increase of 42 
salmon canneries in Alaska and a decrease of 1 cannery in the Pacific 
Coast States, or a total increase of 41 canneries. There was an 
increase in the pack of canned salmon of 1,635,124 cases, or 45.42 
per cent, in quantity and of $9,553,548, or 33.09 per cent, in value. 
There was an increase in the pack in Alaska of 1,904,826 cases, or 
73.35 per cent, in quantity and of $10,154,449, or 51.72 per cent, in 
value. In the Pacific Coast States there was a decrease of 269,702 
cases, or 26.89 per cent, in quantity and of $600,901, or 6.51 per cent, 
in value. This decrease was due to a falling off in the pack in Wash- 
ington of 312,379 cases, or 41.43 per cent, in quantity and of 
$1,201,515, or 19.94 per cent, in value. There was an increase in 
the pack in Oregon of 40,142 cases, or 16.75 per cent, in quantity 
and of $537,914, or 17.49 per cent, in value, and also in the pack of 
California, of 2,535 cases, or 27.26 per cent, in quantity and of 
$62,700, or 46.93 per cent, in value. 
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Pack of canned salmon of the Pacific Coast States and Alaska in 1922. 

Pacific Coast States. Alaska. 

Products, 

Washington Oregon. California. Total. Southeast. 

Coho or silver: Cases.| Value. | Cases.| Value. | Cases, Value. | Cases.| Value. | Cases. | Value 
3-pound flat... .- 48, 551| $470, 494| 25, 706) $215, 445)-.....)..-.222. 74, 257| $685,939, 20,013) $151,666 
1-pound flat... .. 49,244, 337,320) 27,618} 194,877|......|..-..... 76,862} 532,197; 10,773) 63,515 
1-pound tall..... 45,704, 271,854 7,439) 43,183): 52:5 sieee sae 53,143} 315,037) 91,861) 462,365 

Pasar eee Oa aed > ee ee Se | ee 
Totals 22. ...04: 143, 499 1, 079, 668) 60, 763) 453.505|...:.. Wecoe Pea 204, 262!1,533,173, 122,647 677,546 

Chum or keta: | 
3-pound flat. ..-. 4,627} 27, ne 636, 3, 816 31, 109 3,698) 21, 228 
1-pound flat... TOR = BBQ eevee pcs eves] 532} 6,185' 25, 693 
1-pound tall. .... 78,387! 317, 745 3,857, 15, 917 333,662) 414, 383)1, 640, 135 

Totals JS5 1s: 83,090; 345, 570 4,493. 19, 733 365, 303) 424, 266'1, 687, 056 
——— a ee 

Humpback or pink: | 
4-pound flat... . 1, 506 ON7TOls Pe fea 8 SPV. 9,779) 30,725} 197,953 
a= pone Hat as |=- 2. == Pospagesed peteece Soo tatee Seen MaacerKd aAaAReS Rats Kane 28,148) 134, 268 
1-pound tall... 2,045) 8, 787).--222-| 220-2. 8, 767|1, 273, 679.5, 461, 536 

—ee pe | oe ee 
Totals -*.......42 3, 531) 185546) = Soy cs Pe. 18, 546/1, 332, 552|5, 793, 757 

King, chinook, or en 
spring: 

}-pound flat..... 69, 086 1, 097, 429/105, 475 1,772, 959| 7, 669|$138, 042/182, 230/3, 008,430] 2,695] 30,640 
4-pound oval.... 300 76) ee ee eiae pases 376 91905 | ONE Dna RNr oT ee 
1-pound flat... .. 36, 036 446, 488) 51,356) 652,707| 4,162) 58,268) 91, 554/1, 157, 463 1,735) 15,209 
l-pound oval....! 2,998 56,961 19, 002), 207; 679). 2255 Sec eces 22, 550 264, 640! mites Fa Sisja eRe ae aay 
1-pound tall. ....| 11, 304 87,701) GLa A 0) Ose cee Waa- ee a 17,416} 132,749 1,703 11, 448 

ADA ee os 119, 7241/1, 696, 019}182, 571/2, 680, 278 11, 831 196,310 314, 126/4, 572, 607 6,133) 57,297 

Red or sockeye: | | 
4-pound flat..... 70, 625|1, 332, 887| 12,972! 231,755)...-..|..-....- | 83, 597/1, 564,642) 57,783! 779,582 
1-pound flat..... 1854401238236 )e) 2 BI OR, alae dase pee 13,440) 238,236] 17,579) 171,509 
1-pound tall..... 575 9, 550 315 4,473, Res = caltemecte Se 890} 14,023) 57,783) 530,278 

POGAl 3.1545, = 84, 640)1, 580,673) 13, 287 ada Bopenc| base Seec 97,927|1,816,901) 133,145/1, 481,369 

Steelhead: | 
3-pound flat..... 5,525 79,701) 11,944] 162, 457 [eater e|| eietete ats 17; 46952421 DSI 2e Stk oe lees ae 
l-pound flat....- 1,551| 21,714] 6,675) 61,783)......|..-...-. SPOS TSS AOT\ LA. Mee TS RG 
1-pound tall... .- Si. 183 15 Ter aaieee Sl PT val S17 SOS OE sR ae UD 

Gua. sees. 7,163} 102,598] 18,634) 224,396...... ce (NC) JB2G994! een Ve LE Pee 

Grand total . .. 441, 667|4, 823, 074/279, 748|3, 614, 140 11,831) 196, 310733, 246/8, 633, 524|2, 018, 74319, 697, 025 

Alaska—Continued. 

Products. — Grand total. 

Central. Western. Total. 

Coho or silver: Cases. Value. Cases Value Cases. value. Cases. Value. 
}-pound flat...... PE all GATS Wh Re Pe hte 8 22,237| $168,705, 96,494) $854,644 
1-pound flat...... 1,291 8, 005 35 $166 12, 099 71, 686) 88,961) 603, 883 
1-pound tall...... 36, 919 192) 234 12,877 67, 800 141, 657| 722,399! 194,800 1,037, 436 

otal =< ee 40,434} 217,278 ,912| 67,966] 175,993] 962,790] 380, 255) 2,495, 963 

Chum or keta: gal (cae ier 8 Pe rena 
BOWE HAG. 2) a - ieacls| er ese ne bits <taes 3 f= Slevin sate 3,698 21, 228 8, 961 52, 337 
LSr rere sas Mis EX tee We | Cae IRAN apres ener Rees... 8 (eS 6, 185 25, 693 6, 261 26, 225 
l-pound tall...... 91,239) 362,440] 50,413 202,044) 556,035, 2,204,619) 638, 279] 2, 538, 281 

SR OUAb oe ae -= a 91,239) 362,440 50,413} 202,044) 565,918) 2,251,540) 653,501) 2,616,843 
1 —————S>SS- —™————————— SS 

Humpback or pink: 
3-pound flat...... 12,011 (pyc? Ss ee 42,736] 273,698} 44,242) 283,477 
1-pound flat...... 2,731 If) |? Se See 30,879) 147,923 30,879) 147,923 
1-pound tall...... 298) 226) 1,251,399} 12,903) 54, 938| 1,584; 808| 6,767,873) 1,586,853) 6,776, 640 

Totalee oe - t= 6 312, 968| 1,340,799] 12,903, 54,938 | 1,658, 423| 7,189,494 1,661,974] 7,208, 040 
_=———SS|_—«sr————|- =— ee 
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Pack of canned salmon. of the Pacific Coast States and Alaska in 1922—Continued. 

Alaska—Continued. 

Products. aa Grand total. 

Central. Western. Total. 

King, chinook, or 
spring: Cases. Value. Cases. Value. Cases. Value. Cases. Value. 
4-pound flat... ... 1,022} $13,341 53 $742 3,770) $44,723} 186, 090/$3, 053, 153 
EDOUNG OVAL fo 25 ler sesso deco oe wee |be emis eee Sbere cheberete ote, < ERAE EINE CAN Bt 376 9,325 
1-pound flat...... 2, 067 20, 538 165 2, 002 3, 967 37,749 95,521) 1,195, 212 
1-pound oval.os3 jas Meas. Up oe lee wale aM a See TS ace i ae 22,550) 264,640 
1-pound tall...... 7, 076 53, 168) 14,144) 100,585 22,923) 165,201 40,339] 297,950 

Totals so -gers. 10, 165 87, 047 14,362} 103,329 30,660} 247,673) 344,786) 4,820, 280 

Red or sockeye: PF ; 
3-pound flat...... 89,603) 1,257, 544 24,510; 384,901! 171,896) 2,422,027) 255,493) 3,986, 669 
1-pound flat...... 59,799} 614, 403 44,071| 437,530) 121,449] 1,223,442) 134, 889) 1,461,678 
1-pound tall...... 383, 935) 3, 447,679) 1,335, 595|11, 512,270) 1,777,313|15, 490, 227| 1,778, 203|15, 504, 250 

T ovaleets= S55. 533, 337| 5,319,626] 1, 404, 176)12, 334, 701 2,070, 658}19, 135, 696} 2, 168, 585/20, 952, 597 

Steelhead: 
RTA OPENED Ge aera laa ese ia [en at ae | Na erga Pe A | HAE ST | Se 17,469) 242,158 
A-powndrHata ae Setep ek sic se Ae. oR DS SR ae eee ee le aa a 4 8, 226 83, 497 
TPO UL Ge core rai pl xchaycal eae atacand Me NN a ir A area rae 102 1,339 

Totals Bosse as |S S Wee GTN. CL Be] ROI cua es ee 25,797| 326,994 

Grand total....|  988,143| 7,327,190] 1,494, 766112, 762, 978] 4,501, 652|29, 787, 193| 5, 234, 898|38, 420, 717 

CANNED SARDINES. 

In 1922 there was a marked increase in the pack of sardines in both 
Maine and California. In Maine, 1,775,878 cases were packed, 
valued at $5,750,109, an increase of 31.5 per cent in the number of 
cases and 45.2 per cent in value over the pack in 1921, when 1,350,631 
cases, valued at $3,960,916, were packed. Of the 1922 pack, 1,454,146 
cases were quarter oils, valued at $4,645,436, an average of $3.19 
per case, an increase of 10.4 per cent over the average value per case 
of quarter oils in 1921, which was $2.89. The quantity of hearings 
utilized was 96,458,400 pounds, valued at $623,198. 

In California, 728,979 cases of sardines were packed, valued at 
$3,361,480, an increase of 75.4 per cent in number of cases and 43.2 
per cent in value over the pack in 1921, when 415,587 cases, valued 
at. $2,346,446, were packed. Of the 1922 pack, 697,643 cases, valued 
at $3,078,760, were pound ovals, with an average value of $4.41 per 
case, a decrease of 18.4 per cent from the value per case in 1921, when 
379,928 cases of pound ovals, valued at $2,056,367, were packed, 
the average value per case being $5.41. 

Pack of sardines in Maine and California, 1922. 

Sardines (herring).1 Maine. Sardines (pilchard). California. 

Cases. Value. Cases. Value. 
In oil: Quarters (100 cans)...| 1,454,146 |$4,645,436 || 4~pound oval (48 cans)....... 7, 239 $32, 182 
In mustard: 1-pound ova! (48 cans): 

Quarters (100 cans)....... 101, 290 378, 163 | In tomato sauce......... | 601,111 | 2,518,843 
Three-quarters (48cans)..| 213,276 689,008 | In aaustard: £19 84.-..4. |.. 538,993 295, 111 

In tomato sauce: Quarters Alvothers'. 2425. $2225. 42,539 264, 806 
(00 catis)E sees eee Ss Ne 7, 166 87,502 || 1-pound tall (48 cans)...-.... 78 232 

} | 4-pound square (100 aa eae 21,124 217,953 
|| 4-pound square (100 cans)... 2,895 32,353 

[oe a Al ae LS oo ge 
Motalicse sn aoee esse 1,775, 878 | 5,750, 109 Motal seams see enue 728,979 | 3,361,480 

1 The quantity of herring utilized was 96,458,400 pounds, valued at $623.198. 

i 

eC 
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CANNED SHAD AND ALEWIVES. 

The pack of canned shad and shad roe is confined to the Pacific 
Coast States. In 1922 the pack of shad amounted to 2,257 cases, 
valued at $9,961, and of shad roe to 433 cases, valued at $8,517. In 
1921 the pack of shad was 841 cases, valued at $2,455, and the pack 
of shad roe was 53 cases, valued at $142. 9 

The pack of alewives and alewife roe was prepared in Maryland, 
Virginia, and North Carolina, mostly in the Chesapeake Bay district. 
In 1922 the pack of canned alewives was 1,043 cases, valued at $1,994, 
and of canned roe 38,298 cases, valued at $137,514. In 1921 the pack 
of canned alewives was 312 cases, valued at $813, and of canned roe, 
40,530 cases, valued at $157,841. 

Pack of shad and alewives, 1922. 

Washington Maryland, 
Shad. | Oregon, an Alewives. Virginia, and 

California. North Carolina. 

| 

Cases. | Value. Cases. | Value. 
3-pound flat (48 cans)...-....-...- 779 | $1,620, || Nov2 (24. cans)j2 2. 5-28. beets 1,043 | $1,994 
3-pound oval (48 cans)... oS 174 | 3,480 || Roe: 
1-pound tall (48 cans)... : | 1,304 | 4,861 | INOWS:(48'Cans) acs sauce oes s-s5)6 768 4,608 
Roe: | NOE 48 Cans) teks te esdae ie =. 942 4,134 

3-pound flat (48 cans)......... | 283] 6,045 | INO. 2 (24 CaS) areca ces cas see tie 36,588 | 128,772 
1-pound oval (48 cans)......... 150 | 2,472 | 

NO) OS eee ee | 2,690 | 18,478 | otal) Maree oes oes keer 39, 341 | 139,508 

CANNED ALBACORE, TUNA, AND MACKEREL IN CALIFORNIA. 

The total pack of tuna of all varieties in California, where this 
industry is located, was, in 1922, 614,925 cases, valued at $4,294,912, 
an increase of 46.8 per cent in number of cases, and 39.7 per cent in 
value over the Back of 1921, which was 418,821 cases, valued at 
$3,073,681. 

Data are also given in the table for the pack of bonito, yellowtail, 
and miscellaneous, which includes fish flakes, abalone, mackerel, 
squid, and “‘tonno.”’ ‘Tonno”’ is striped, bluefin, and yellowfin tuna, 
canned Italian style, and sold under the Italian label. 

Pack of albacore, tuna, bonito, and yellowtail in California, 1922. 

‘One-fourth pound | One-fourth pound! One-half pound | One-half pound 
Products. round cans (48 | round cans (100 | round cans (48 round cans (50 

to case). to case). to case). to case). 

eal Value. Cases. Value. | Cases. Value. Cases. | Value. 
BACONG . 320 5 2.3 2 ELE 24,962 | $126,139 | 14,820 | $222,300 |188, 235 |$1, 368, 883 9,436 | $108, 514 
Tuna,bluefin and yellowfin... 37,537 | 154,757 | 2,390; 24,083 |101,764 | 613,344 |........ cree eee 
IE, SUIDOU 6 252 2255s 5 oo 34,772 | 126,678 | 3,162 | 33,690 |122,310 G22 Dba eee reenlinc occas 
Matto. BIRO us... 5,203 | 34,879 | 5,368 | 247021 |........ knew 
Mellowtail: =. ecm =. reps ere PERSE Sis [ashe SE Sees See 4, 088 WW AOS, | sof peal oe eek eee 
Miscellaneous 1)... 23.22.25... 22,557 | 115,785 | 1,467 14,670 | 4,049 | 25, '1G44 | Feet | oO ees 

| | | | 

1 Includes fish flakes, abalone, mackerel, squid, and ‘‘tonno.” 

55904—23——_-2 
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Pack of albacore, tuna, bonito. and yellowtail in California, 1922—Continued. 

One-pound | One-pound One-pound Four-pound 
Products. round cans (48 | tall cans (48 | oval cans (48 | tall cans (12 Total. 

to case). to case). to case). to case). 

Cases. | Value. | Cases.| Value. | Cases.| Value.| Cases.| Value.| Cases. Value. 
Albacoressisehes. 2.58 34,475 |$466,399 |....... Wate case thease oalesece as 635 |$12,700 | 272,563 $2,304,935 
Tuna, bluefin and | 

yellowfin. ......... 22:926 2b rasa ata. sail Meredioes loaise ceed Saeaasiel soles? Hei ia hate 164,617 | 1,047,621 
MUM e PSU Sdienc =. cli joUL 108,423 VALS SJE e Sesap hale eee See Nee see bean ape 177,746 942,356 
BOUILO ME CEE ia aisie's |j= =:n'n% sia a otra bits = => [app eee aes sos see lease ey il RA 10, 591 58, 900 
Mellowtalie gree eset se Ss lassen mene B15 [TPL SOO oe pteree | emcee ates steal | crstoterarete 4,4 18, 994 
Miscellaneous}. ..... 219 1,861 | 3,051 | 22,883 205: ISL 640 ees cee ak 31, 548 182, 033 

| 

1 Includes fish flakes, abalone, mackerel, squid, and ‘‘tonno.” 

CANNED SHRIMP AND CRABS, 

In 1922 the pack of shrimp was 586,691 cases, valued at $3,064,087, 
a decrease of 12.1 per cent in number of cases and 19.4 per cent in 
value from the pack in 1921, which was 667,558 cases, valued at 
$3,804,781. The pack of crabs in 1922 was 9,111 cases, valued at 
$104,171, also a decrease from the pack of 1921, which was 11,960 
cases, valued at $115,800. 

Pack of shrimp in South Atlantic and Gulf States, 1922. 

Mi x Nop 24 and 
cate No. 1 cans 0. 1} cans 0.10 cans_ | ’ 
States: (4 dozen). (2 dozen). (2 dozen and | Total. 

4 dozen). | 

- Value. | Cases. | Value. | Cases. | Value.| Cases. Value. 
Georgia and North Carolina... $360,161 | 6,289 | $33,078 |........]..-.--.- 77,293 | $393,239 
Florida. ..-. See 512, 054 1,724 SSO ees. ole ees 94,818 | 521,364 . 
Alabama. . ee 290, 67 3,704 | 19,333 812 | $5,784 | 60,950 315, 793 
Mississippi $40; 319.41) 585268 | 42) 070)|) 220 ened 174,466 | 882,389 
Louisiana 840,306 | 20,492 | 110,996 |........]......-- 179, 164 951, 302 

ORGY 5) LE es Oe are 545,402 |2,843,516 | 40,477 | 214,787 812 | 5,784 | 586,691 | 3,064,087 

Pack of crabs, 1922. 

74-ounce, 8-ounce, | 15-ounce and 16- 
States. and 9-ounce cans ounce cans Total. 

(4 dozen). | (2 dozen). 

Cases. | Value. Cases. | Value. Cases. | Value, 
Virginia, Washington, Maine, and Alaska. | 8,401 | $95, 364 710 | 

| 

$8, 807 9,111 | $104, 171 

CANNED CLAMS. 

The total pack of hard clams, soft clams, and razor clams in 1922 
was 308,640 cases, valued at $1,716,365, which compared with the 
total pack of 1921—226,130 cases, valued at $1,166,507—was an 
increase of 36.5 per cent in number of cases and 47.1 per cent in value. 
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Pack of clams, by States, 1922. 

RAZOR CLAMS. 

Sizes. Washington. * Oregon. Alaska. Total. 

Whole: Cases. | Value. | Cases. | Value.| Cases.| Value. | Cases. | Value. 
No. 1 cans (4 dozen)........... 9, 134 | $78, 185 DOMINGOS HOU sacs a cce|ncce tm mae 9,634 | $83, 685 
No. 2 cans (2 dozen)..........- 1,394 | 9,061 Sonnets ObUs as oc ener eens 1,694 | 11,011 
No. 10 cans (4 dozen).......... 138 QGGi | Si aeqpeedigns s atctcte lana ope ataiabe step ecyerets 138 966 
eos CANS (CE GUZEN) sae safe eemtiee tle acieccsmelacte eis mon area 1,434 | $11, 604 1,434 | 11,604 

‘inced: 
ound flat cans (4 dozen)....) 51,099 | 291,422 | 1,907 | 11,349 | 18,078 | 74,520 | 71,084 | 377,291 

No. l cans (4 dozen)........... B32 Gria | 258. 6221 | Sc OriN aor aTb) | one coee| seen eee 37,648 | 268, 198 
No. 2 cans (2 dozen).-...-.-.-.-. 3,209 | 19,027 QOGT vO NOOOh lle. dccciaaolerjamee ts 4,118 | 24,726 
ffeninivecans (Ldozon oss 22! se eeclen. sc .2c lust ec celeeean oe 11,732 | 89,634 | 11,732 | 89,634 

Pi L-peunte cans: (4: Goze) pis tra of. bowie sale e scans loco soe celeeeceer « 1, 046 9, 249 1, 046 9, 249 
uice: 

No. 2 cans (2 dozen).......... 1, 076 pf 2O sl lo:d beofcheal eatcle oss s' siabtige Sate Gmathe taste 1, 076 3, 228 
No. 10 cans (4 dozen).......... | 4 SOAS |. SSR? 1 Se Jo-eeeeee|eeeeese-e 52 364 

Mi We} 254 hep-lat 5 ar aes | 99,779 | 640,875 | 7,587 | 54,074 | 32, 290 | 185,007 | 139,656 | 879, 956 
! 

HARD CLAMS. 

: Florida and { ‘ Florida and 
Sizes. Washington. |) Sizes. Washington. 

Whole: Cases. | Value. || Bouillon, chowder, and juice: Cases. | Value. 
No. 1 cans (4 dozen)........- 15,018 |$104, 633 || No. 1 cans (4 dozen)......... 9,015 | $42,078 
No. 1 cans (2 dozen)......... 291 989 || No. 2 cans (2 dozen)......... 2,391 7, 699 
No. 2 cans (2. dozen)..:.....- 11,423 | 61,664 No. 3 cans (2 dozen)......... 2, 854 15, 902 
No. 10 cans (3 dozen)........ 2,048 | 12,775 No. 10 cans (4 dozen)........ 650 4, 168 

Minced: 14 and 3 ounce bottles.....-.. 1,102 2,371 
3-pound flat cans (4 dozen)... 358 1,792 7 and 14 ounce bottles (2 
No. 1 cans (4 dozen)......... 2,355 | 14,219 COzZeN) ets eee ead Pees 3, 874 24, 554 
No. 2 cans (2 dozen)......... 883 4, 415 ee 
No. 10 cans (3 dozen)........ 87 783 | TOtel ou saoten cesceeseee ns 52,349 | 298, 042 

i! 

SOFT CLAMS. 

eS Tae “+ a Tr 

Maine, Massa- Maine, Massa- 
Sizes. chusetts, and Sizes. chusetts, and 

Rhode Island. Rhode Island. 

wh et yk | 

Whole: Cases. | Value. | Bouillon, chowder, and broth: Cases. | Value. 
5 and 53 ounce cans (4dozen)-| 33,589 |$157, 809 8, 10, and 16 ounce cans (4 
6 and 8 ounce cans (2 dozen).| 6,155 | 22,916 | dozen) Ss Sa thee Soe case 14, 334 | $74,320 
8 and 10 ounce cans (4 | 32-ounce cans (2 dozen)...... 15, 267 81, 760 
MOZEB 5 le et os 14,099 | 84,015 | 1-gallon cans (4 dozen). ..... 1, 126 6, 000 

8} and 10-ounce cans (2 No. 1 cans (2 dozen)......... | 20, 000 49, 000 
OZER) eeocesa'. ae aee a. 4,110 | 19, 547 | ———_—_|—____ 

1-pound cans (4 dozen)...... 4,212 | 25,000 | Totaltreen Mee aisles cecteine | 116,635 | 538, 367 
2-pound cans (2 dozen)...... 3, 743 | 18, 000 | 

CANNED OYSTERS. 4 

In 1922 the pack of oysters was 522,549 cases, valued at $2,423,616, 
an increase of 14.7 per cent in number of cases and 11.2 per cent in 
value over the pack of 1921, which was 455,550 cases, valued at 
$2,179,271. The industry is located in the States of Maryland, 
Virginia, North Carolina, South Carolina, Georgia, Florida, Alabama, 
Mississippi, and Louisiana. There was a noteworthy decrease in the 
pack of Maryland, where 80,872 cases were packed, as compared 
with 156,431 cases in 1921. 
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Packs of oysters, by States, 1922. 

South Carolina. Sizes. Maryland. North Carolina. Georgia. 

Cases. | Value. | Cases. | Value. Value Cases. Value. 
4-ounce cans (4 dozen)......... 9,710 | $47,023 | 3,756 | $16,526 S28; (ON oseee cee ee ee 
5-ounce cans (4 dozen) ......... 39,312 | 203,099 | 18,881 78, 924 369,240 | 17,639 $78, 308 
6-ounce cans (4 dozen). ....... PRPS Opec | cece Levarcieicgegeree 768 500 | 4,000 
8-ounce cans (2 dozen)......... | 2,414 | 11,927 | 2,500 9,500 Bn 17 ae ened ei seat ele 
10-ounce cans (2 dozen).-....../ 16,657 | 85,352 | 3,863 | 16,117 100, 933 648 2, 863 
12-ounce cans (2 dozen)........ Pes LARSON MID) AAT ahs Sadeeeeisa cise leas asa sillisinesem sae 25 200 

Moval sec descecs Sophias ' 80, 872 | 479,572 | 29,000 | 121, 067 511,865 | 18,812 85, 371 

Sizes Florida Alabama Louisians’and! Total | . ; Mississippi. i 
| 

ae | | j if , 

| Cases. Value. | Cases. Value. Value. | Cases. , Value. 
4-ounce cans (4 dozen)........- |-222---- Peres & oeveraie 568 | $2,386 | $199,250 | 68,016 | $293, 982 
5-ounce cans (4 dozen)......... | 14,019 $66,357 | 27,168 | 117,607 | 534, 544 | 319,379 | 1,448,079 
6-ounce cans (4 dozen)......... HotU evegc te beoare. duis es aise ee Or tre On eerie tomer ihe 4 11, 916 124.515 
8-ounce cans (2 dozen)......... dea lines Jro-secnee 816 | 3, 229 82,320 | 28,267 119,168 
10-ounce cans (2 dozen)........ | 15 | 68 | 10,745 48,485 171,495 | 93,487 425,313 
12-ounce cans (2 dozen) 

39, 297 171, 707 220,637 | 987, 609 

1,484 12,624 

522, 549 | 2, 423,616 

MISCELLANEOUS CANNED FISHERY PRODUCTS. 

In addition to the products shown in the tables, there were packed 
in Maine, Massachusetts, New York, New Jersey, Maryland, Vir- 
ginia, North Carolina, and Washington, 224,304 cases of miscellaneous 
fishery products, valued at $840,329. The pack of preserved salmon 
eggs in Washington amounted to 79,976 pounds, valued at $55,976, 
and in Oregon, to 33,130 pounds, valued at $16,080. 

EXPORTS OF CANNED FISHERY PRODUCTS IN 1922. 

Data showing the amount of canned fish exported from the United 
States during th e calendar year 1922, collected and compiled by the 
Bureau of Foreign and Domestic Commerce, are given in the following 
table: 

Domestic exports of canned fish from the United States, by countries, 1922. 

Countries. Canned salmon. Sardines. Flaked fish. Other canned fish. 

Azores and Ma-| Pounds. Dollgrs. Pounds. Dollars Doillars.| Pounds. | Dollars. 
deira Islands..... 360 31 120 39) ec | oc ee tr ee 

Belgium..... 2,608,391 | 250,333 221, 300 16,625.20 hes a eines 110,020 | 12,570 
Denmark... 102, 144 10, 301 29, 000 DANO IL. LOL MOET! 3,405 | ©' 2,228 
1 Dyke Gao RRR AR NG eae 180 26 6 
France. . 32, 540 
Germany 93, 431 
Greece: i 11,350 | 
ameary 2 ke 48 | 
Iceland, and Faroe | 

Islands. - AE. 150 
GAL) occ < sje =ri' 1, 212, 351 
Malta, Gozo, and 
Cyprus Islands... 

Netherlands... 

Turkey in Europe.. 
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Domestic exports of canned fish from the United States, by countries, 1922—Continue 

Countries. Canned salmon. Sardines. Flaked fish. | Other canned fish. 

% | 
Pounds. | Dollars. | Pounds, Dollars. | Pounds.|Dollars., Pounds. | Dollars, Ukeaine.: 222... 329, 840 28, 134 16, 450 OD BE. 3-0 HR OBS. | 1,974 | 309 > , BR eae Rt eee 23, 937, eet 3, 1733, ae 244,727 LE At 2 <= gle BBE. | 252, “ | 54,612 

COMA 5 nina ame ge Pe Oy SU: lant wek SMEG -c'| Sain ee [a ole ie lee hac cial 61 232 Canada: | 
Maritime Proy- | | Ca 25, 438 3,587 |. 1,734,662 | 126,327 450 105 | 251,928 19,037 Quebec and | | 
eS sive acto 599, 834 67, 487 4,492 | 1,101 452 86 | 104,169 21, 933 
rairie Prov- | 
PCOS sac ae 79, 840 | 14, 241 4,861 BBE || Bo o\a.xia Siam ba cescuree 8,546 ; 2,306 British Colum- | bia and Yu- | [ 

» KON. pega. <> 3, 175, 943 321, 872 2,561 567 1,412 189 | 82,101 | 13, 491 British Honduras. - 27, 234 3, 193 40, 740 4,551 276 53 1,307 | 151 
Ce ps acto cok 187, 848 17,193 113 au D4 Sy es 8 SSE eas babe 23,389 | 2,157 uatemala...._.... | 50, 271 5, 168 11 | 12, 354 15 3 29,381.) 3,514 Honduras.......... 66,924 9,021 142;708 | 15, 854 456 90| 6,347 | 12345 
Ni@ararrias. s,s. 42, 003 4, 309 44) 848 5, 595 30 we 5, 836 | 689 
Lets vaeia rte Be Ss he ae 283, 390 35, 599 160, 474 17, 798 1, 547 126 | 23,315 | 5,997 
SEL a le (co a 8, 564 994 45, 110 A, OF Jae Se see ee. ay | 18, 628 2, 033 
me ac | 2,819; 248 227,649 | 2, 736, 099 251, 103 986 207 | 656,312 59, 399 

igueion an t. | | 
Pierre Islands. ._.. 2,400 720.0) ine AEA REE Ae SEPA ec atte seed toate era eae ee Le Newfoundland and | Dabradors23. 22225... sh Lee ied 600 MOGI see es reece | 118 | 40 Bermuda........... 41, 302 6, 440 17, 053 DUGG. |e Wins eee es ake | 1, 208 | 489 Barbados.......... 22? 962 3, 450 780 I SS ri aie 44 | 15 Meee Glad sara s J 85, 548 10, 038 235, 979 202851 PER ee aEAS. AOA) 1, 888 | 450 
rinidadan 
1 1:2 ee bd 117, 381 18, 670 62, 073 Ay al tale rab ie od 1,528 490 

Other pie West 
as oe 48, 284 8,048 28, 225 3, 966 136 28 4, 593 | 

cuba A cede = Stes 434, 803 38,397 | 1,122,349 96, 433 2,006 290 139,390 | 18,445 ominican - 
public... BESBD 167, 784 15, 417 322, 668 39, 181 169 33 4, 250 | 890 
Pe ke dy Padier. | 32, 418 5, 553 26, 158 2, 866 30 5 2,658 | 553 Tene est In- | Ging ater ek = 912 73 725 GO" Peeeas INERT OAT O™ SOE oad. pS. Ras LECT RC: hah onal 2, 356 398 1,343 227 | 12,299 | 1, 200 406 | ‘187 Vivgin fslands of 

| 
pans Sacre 42,014 5,178 20, 163 3,148 230 4] | 1,408 | 301 Aygentina.” ATT Bee | ae 48, 188 pro 1893 095.1)" hyeet Toe |e [ | 143/700 | 12, 440 Bolivia... 125, 560 10, 483 114, 156 ROOK take eso 32,410} 2° 953 

Chilpssteccossiii--| Ayaaeoor | ashame | args | asere fo), Paw) 2a Colombia ey emi 290, 178 at, 592 175, 396 20; 020 277 43 | 16, 690 | 3, 860 euadorsiiic..!). i! 5, 64 PaIO7TSt IIIS SAT TAT. 6 7,266 | 6,814 British Guiana-....| 997632} 47,144 77,479 97 384 240 40 5,470 | 830 Duteh Guiana... -- 76, 928 | faPag? 37 28) 715 6 17 tg OR bem 145 | 45 enc uiana..... 2,783 | 4 610 102: (ee oo. re Ee ee es ae aoeeer Ls eed Aah as | 42,353) 4,342] 497,397 | 44, 716 204 41}. 8,641 | 11, 956 Urugnay $4112 3%. 3,120 DOD PLL TION I aE Le eh 218 | 113 Venezuela Pe pred 558, 873 56, 473 57, 622 5, 757 625 79 6,596 | 1,756 CB eecninmee ce aecrat 1 eas O00 4 AL O0O [Sas Senet Un le es, F8d) SAAD RAEN ECE AOD Te hehe lf Armenia and | ‘4 | ‘ | Kurdistan........ 350 | Sli eet Sa oh aliniec rieh, ens ae al Macs meh | a a RO US British India....... 769,867 | 95,127 119, 859 15 $e) ES WG 12,223 | "9,339 Ceylon: 2.03.22. 88,276) 10, 282 1, 290 149 375, eee 1,749.) "977 Straits Settlements 1,893,804} 160,220] 2,653,713 | 236,536 |.........|.......- 234,162 | 20,812 er British Eas 
Unrated: et; Mees 1,516 | 88 5,371 271 Bt ee cera aah da 1 Segue hingiolie3i.. a) 83,459") (F193, 822 |, /ge4ises) | 315049 |... JILL 42 363 | 4, 864 Chosen. ste so 1,692 | 343 365 rts A le es epee ee a 215 78 Java and Madura. -| . 1,687,365 | 149,187 | 1,385,590 | 128,496 | 1,750 109 54,047 | 5,805 er Du as | ; 
Indies earssin 2 249, 466 25, 830 211,657 21, (60 URE eee cee oe ech le | 40,867 | 4,173 Far Eastern Re } A ‘ 2 | | 
publigiyes. 32. oe este oS bee chs 3,640 506 40 DBM sas eR leiatsiattore French Indo-China._| 9, 168 1, 187 6,750 637, | 8fec Scot 75 | Greece in Asia...... 97600 | Sag EL) SFE EOE TE Saas a a 44,000 | 1,760 Hongkong......:... 86,364, 13,297 351, 440 33,387 lea att hors 26,758 | 2,865 os Ralph sty eupees 5,606 | 714 ; ae yd Sis ie sabia sé ou sce 47, 637 3,060 Warping ead ss. ont: Dh e | 4 T2976 IOSD Gees SS EEE a Palestine and Syria. | “64, 321-|"" "5, 076 a. Ta aabeahaed Mele | 147 | 3 Rudd As Islands .} 7,719,124 | 610)114 | 5,405, 313 441, 066 777 173 | 1,573,122 | 143,750 upsigin'Asiad spcch, secu. dadai.-act.. 100 

Sitneee se wae 
Turkey in Asia... .. 
Australia........... 
British Oceania. ... 
French, Oceania... :: 
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Domestic exports of canned fish from the United States, by countries, 1922—Continued. 

| 

Countries. ; Canned salmon. | Sardines. Flaked fish. | Other canned fish. 

Pounds. Dollars. Pounds. Dollars. | Pounds.|Doilars.| Pounds. (Dears. 
New Zealand... .... 149,598 | 26,413 |! 96 1 ees 4 Irene 537 | 230 
Other Oceania. - ... 108, 454 10,674 1,741 239) nuaatee eae eee 1,644 | 247 
Belgian Kongo..... 1, 268 | 205 600 OO 2 keels See al ae eee ee es | Saerontets 
British West Africa 59,998 | 6, 363 | 8, 042 TATOO C2 Me ACY ae 42,265 | 2,616 
British South | | 

Arita: [0009 108. .| 1,724,928 | 181,061 11,600 L579) | Ost eA e 31,689 | 5, 964 
British East Africa_| 15, 360 MBO It | se eNR OE 2 kta | ereply i eencte VAR ap cesta eer Pee sere sige cine 
Canary Islands. .... 44,792 AS BRGY 18 Oe ee Soe kc RE eat eee ne rane are | a nee | ree 
Mey pbs ae | 73, 408 QE193 | es es Bene | ie [eck es 36,024 3,630 
Other French | | 

PAfricas foe es 732 | 75 | 167 rd ee een ee Lohan ee ee pee 
Wiberialie sss ee 3,930 | AQAA. 2s eae eee rae eee ae WO pie, od 1, 563 | 69 
Moroceo...22-a0.-. 5 4,925 | 606 | 25 Al Eigen Ps pects gah a 1,120 ; 260 
Portuguese East | 

rica: Sees. Le 88,973 | 8,814 8, 662 DIGI NSS ee eae 5,467 | 1,393 
Other Portuguese | 

DC ae oe tele oiniel= | 48 Ee early | ROSS er RCE bSaseauBe feashedae 68 | 18 
Spanish Africa ..... | 2,475 Sey EAT a Tee een ees ee ee [P= Seen == 2,400 465 

Total.........| 63,797,279 | 7,962,375 | 20,059,845 | 1,780,956 | 24,869 | 3,075 | 4,534,273 | 525,334 
| | i 

BY-PRODUCTS OF THE FISHERIES. 

The utilization of waste products of the fisheries to produce valu- 
able by-products continues to hold the attention of the fish trade. 
In this direction lies a possibility of reducing the excess overhead 
expense in the fish industry. The principal by-products are fish 
oils and fish meal and scrap. The fatal value of all by-products of the 
fisheries in 1922 was $11,390,693, an increase of 36.4 per cent over 
the value of the production in 1921, which was $8,351,827. 

FISH OILS. 

The fish-oil production in the United States and Alaska in 1922 
amounted to 8,288,328 gallons, valued at $3,346,046. This does 
not include the production of whale oil, which in 1922 was 1,863,015 
gallons, valued at $731,000, nor sperm oil, which was 384,130 gallons, 
valued at $153,714. The largest item of fish oil is menhaden oil, 
of which 7,102,677 gallons were produced, valued at $2,904,833. 
In 1921 the total production of fish oilwas 7,446,281 gallons, valued at 
$2,078,670. There was thus in 1922 an increase of 11.3 per cent in 
the total quantity of fish oils (exclusive of whale and sperm) and 61 
per cent in the value. The oils produced in 1922 include besides 
menhaden, whale, and sperm oils, salmon, 25,989 gallons; sardine, 
428,859 gallons; tuna, 86,099 gallons; herring, 450,362 gallons; 
liver, 67,459 gallons; cod liver, 4,080 gallons; miscellaneous fish oils, 
122,803 gallons. 

FISH SCRAP AND MEAL. 

The total value of all fish scrap and meal, green and dry, includ- 
ing that prepared from shrimp and menhaden, was, in 1922, 116,166 
tons, valued at $4,336,677, an increase of 8.29 per cent in quantity 
and 21.9 per cent in value over the production in 1921, which was 
107,273 tons, valued at $3,557,142. Of the total amount 93,576 
tons, or 80.5 per cent, was produced by menhaden, and 22,590 tons, 
or 19.5 per cent, by all other fish, the latter amount, valued at 
$1,114,919. representing a decrease of 8.2 per cent in quantity and 
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12.3 per cent in value from the amount produced by all other fish 
in 1921, which was 24,611 tons, valued at $1,271,047. Included in 
the production of meal and scrap in 1922 are 21,638 tons of dried scrap 
or meal, 390 tons of crude or green scrap, and 562 tons of shrimp 
bran. 

LIQUID FISH GLUE, 

In 1922 the production of liquid fish glue was 323,003 gallons, 
valued at $278,424, a decrease of 6.9 per cent in quantity and 23.6 
per cent in value from the production of 1921, which was 347,048 
gallons, valued at $364,415. 

POULTRY GRIT AND LIME, 

The production of poultry grit from oyster shells in 1922 was 
236,021 tons, valued at $2,005,838; in 1921, 185,474 tons, valued at 
$1.759,120. The production of lime in 1922 was 93,168 tons, valued 
at $431,213, an increase of 26.3 per cent in quantity, but a decrease 
of 14.2 per cent in value over the production in 1921, which was 
73,764 tons, valued. at $502,634. This industry is carried on on the 
Atlantic coast from Massachusetts to Texas. 

Production of various by-products of the fisheries, 1922. 

; New York, Virginia, 
Products. Messin ed Maryland. North ’ Carolina, 

: and Florida. 

Fish scrap and meal: | Quantity. | Value. | Quantity. Value. | Quantity. Value. 
IEG oo te cise onc 'sewistios- ss tons. .| 3,455 | $146, 103 1, 236 $28, 970 1, 593 $52, 521 
Crude or green.....-.....- do. - 1. 390 | GL 75s | eels at ue oad SD ROSSI SIE se SI 

Oil: | | ° | 
Horning. fe it22 2.225085 gallons..| 25, 121 | Ds 208 | Nei ecawcslematencohen|uesaseaetesl sis op sescans 
Sperm..... ease beetta eye S do....| 152, 986 $1082) }!.\. seh isi - Bonne caoltasc ont oe tae dotk ben's 
iver ee A a do....| 67,459 BI Ta yr eae oe gaa Eee CPS a I Oe BA 
Cog-liver. 2.2.0 32650...) doh} 3,980 | 1, TOD RLS BEERS sania Meprcceccice deetesaecroe 
Miscellaneous.........--.- dos.2 99 | 1,150 3, 500 595 11, 877 3, 469 

Liquid glue...... SCARE oie Onan | Oran dae sion d2e, letmc coc eman| aeciccemcer | sacesiccenseleinecemmncac 
Miscellaneous by-products!.pounds..| 291, 421 | 58, WOSt ens sae se | IBLLRAG 87, 335 | 8, 733 

USE pe ee a ene ae Steg, MRIS IE (SEW DY PES oe: | 2ON5G5) lata ee 64, 723 

Washington, Oregon, 
Products. Louisiana. California, and Total. 

Alaska. 

Fish'scrap and meal: Quantity.| Value. | Quantity. Value. | Quantity. Value. 
Dred os see tenis, sciences tons:,.|setéLgoge.t Jecseee-a0\-- 15,354 | $862, 752 21,638 | $1, 090, 346 
Crude or green.........-.- DOR a S| Fash ae isetos | Seco ciome ots ikeeccs saistl|eeceites o atte 390 9,175 

oe Sbrimn brani. s2s-cs:- 5.5: do.... 7S Ot AIGAREE Bao cceeedce Berooe Sener 562 15, 398 
° | 

SAA OU. ener nee = gallonsecirasce~a-c5" |o------2---| 25, 989 9, 435 25, 989 9, 435 
Sardine: sere esses dds eS oooseecrss 428, 859 145, 668 428, 859 145, 668 
MUIR se soaps clos testes <= GO. Seely dc Lisitois swe [BOD weer 62, 702 5 62, 702 
1S Ch ge ee a a DOr ans ae aos | See. eee | 425,241 144, 418 450, 362 150, 144 
"RETA (i gS Sa Fe Sa ee as oa een cis. 228 1, 863, 015 731, 000 | 1, 863, 015 731, 000 
Sperm...... dows 231, 144 72,632 | 384,130 153, 714 
Liver....... Ono liens path on|-cegtelde.s | ~aciheme: |. pew ie ty 67, 459 31, 774 
Cod-liver ~G0.. 100 100 4, 080 1, 892 
Miscellaneous. -do... 107, 327 34, 384 122, 803 39, 598 

PRG PGs. teres woh ae te BLOM alr nn sfun ets tae celeb | etek aie sale tetece » 2.018 23, 003 278, 424 
Miscellaneous by-products!.pounds..|...........|.....--.-.- | 1, 256, 500 40, 850 | 1,635, 256 107, 781 

Total......: RUE fyi -) ts Oe 5 ASOB ils emt POE | Pua fits ad ee SS 2, 827, 051 

1 Includes shark hides, agar-agar, pearl or fish-scale essence, shark fins, whale bones (skeletons), whale 
tails, ambergris, herring skins, and alewife scales. 
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Production of poultry grit and lime from ground oyster shells, 1922. 

States. Poultry grit. Lime, Total. 

Rhode Island, Pennsylvania, and New Tons. Value. Tons. Value. Tons. Value. 
NOTSOY roe ence cece sete cate asiitcecnaas 20, 493 | $200, 831 7,799 | $31, 873 28,292 | $232,704 

[Maryland sc sete aius A: Mee ee Ree as 90,249 | 803,388 | 38,211 | 155,119] 128,460] 958, 507 
Wirginials bo oo occcc<ccteeseetens oecite cae 26,173 | 280, 115 27,445 | 182,680 53, 618 412, 795. 
North Carolina, South Carolina, and 
(Cea hau eed Ss copdanccaoconepeccas 6, 740 56, 165 1,815 9,075 8, 555 65, 240 

TL OPUS BND. < ede, du ticrciclerse/matsothe(s asda aiei= 13, 800 96, 400 112 1,008 13, 912 97, 408 
PAS Senn Ae te airta eieleisbsisieie ce nie «fete ee ere 7, 154 56, 987 510 760 , 664 57, 747 
IMISSISSippIAtee SL SEERA Le SREL Utes eee 32,646 | 251, 872 780 780 33, 426 252, 652 
WEOWISIATIAN -. spisitac's spe sdaeeeiciceh eee sate 34,684 | 274,944 15, 956 47, 218 50, 640 322, 162 
LU Wiha oe Wee Ree modo acuooacboeeecsens 4, 082 35, 136 540 2, 700 4, 622 37, 836 

Mo faleesacsa se sesteessse secession 236, 021 |2, 005, 838 93, 168 | 431,213 | 329,189 | 2,437, 051 

THE MENHADEN INDUSTRY. 

In the menhaden industry in 1922 substantial increases were made 
in the amount of fish utilized and in the quantities and values of all 
the important products. Forty-five factories were engaged in the 
manufacture of products from menhaden, as compared with 39 in 
1921. These 45 factories were located as follows: Massachusetts, 1; 
Connecticut, 1; New York, 2; New Jersey, 3; Delaware, 1; Vir- 
ginia, 18; North Carolina, 15; Georgia, 1; Florida, 2; and Texas, 1. 

The number of fish utilized was 1,212,450,669, or 747,470,402 
pounds, valued at $2,457,690, as compared with 1,031,540,831 fish, 
or 618,924,499 pounds, valued at $1,929,219, produced in 1921, an 
increase in 1922 of 17.5 per cent in number of fish and 27.4 per cent 
in value. The amount of fish meal and scrap produced from men- 
haden in 1922 was 93,576 tons, valued at $3,221,758, an increase of 
12.2 per cent in quantity and 40.9 per cent in value over’the 82,662 
tons produced in 1921, valued at $2,286,905. The 1922 production . 
of meal and scrap was 67,821 tons of dry scrap, valued at $2,665,441, 
of which 7,172 tons, valued at $390,667, were reported sold as fish 
meal; 25,712 tons of acidulated see valued at $555,973; and 43 
tons of crude or green scrap, valued at $344. The meal and scrap 
derived from menhaden was 80.5 per cent ofall the fish meal and 
scrap produced in 1922. 

The amount of menhaden oil produced in 1922 was 7,102,677 
gallons, valued at $2,904,833, as compared with 6,260,478 gallons, 
valued at $1,719,892, produced in 1921, an increase of 13.4 per;cent 
in quantity and 68.9 per cent in value. The oil derived from{men- 
haden was 85.7 per cent of the total quantity of fish oils produced 
in 1922 and 86.8 per cent of the total value. 

Products of the menhaden industry, by States, 1922. 

| Massachusetts, Con- New Jersey and 
Products. | beget, and New Delia Virginia. 

Fish utilized: Menhaden | Quantity. Value. | Quantity. Value. Quantity. Value. 
= es LS 3 number...) 258,086,285 | $515, 344 | 169, 504, 000 | $358, 994 | 460,612,000 | $947, 995 

Manufactured products: hy ie 
Dry scrap and fish meal 

oe iilehininmie ant oo tons. . 18, 024 530, 606 690 30, 538 34, 244 | 1,526, 864 
Acidulated scrap...... GIO i | hranaebbedeG||cinossaeece: HO OO WTSI O32) oe inne cie| eee ee 
Crude or green scrap. .do... 43 Cee eee es te tmor tude] Goneeercenices ese seaann 

Mot alan toe. tie oh tiu 18, 067 530, 950 15,787.| 342,170 34, 244 | 1,526, 864 

ORT rT Rae ae gallons..| 2,066,461 904, 252 | 916,570 | 416,169 2, 560, 065 958, 831 

Grariditotal ss soc jaan Rieeer Sie 1, 435, 202 |. -- 22-222. 7587339)| Saas 2, 485, 695 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922. 23 

Products of the menhaden industry, by States, 1922—Continued. 

Products. North Carolina. Georgia cee and Total. 

Fish utilized: Menhaden | Quantity. Value. Quantity. Value. Quantity. Value. 
pees Ie eae number..| 188,162,430 | $376,320 | 136,085,954 | $259,037 |11, 212, 450,669 | $2, 457, 690 

Manufactured products: TVs... | pm. SS | mime al toto ian 
Dry scrap and fish meal 

Denia astetase.s < tons... 8, 783 320, 817 6,080 | 256,616 67,821 | 2,665,441 
Acidulated scrap...do.... 6,615 160, 341 4, 000 84, 000 25, 712 555, 973. 
Crude or green scrap 
ry et ae EODSMA ER Seen tee ale cis ccics tb <= Meee ete lt once knee 43 344 

otal. fae_ecef../ Me 15,398 | 481,158 | 10,080 | 340,616 93,576 | 3,221,758 

GIS Fa. 4. ei aes gallons. . 967, 696 "396, 055 | 591,885 | 229, 526 7,102,677 | 2,904, 833 

Grand itotalnss 22. fe ot. | tts ee 877, 213 | Sars Bia ceeeerele 103142) |Svascesse scene 6, 126, 591 

1 747,470,402 pounds. 
FROZEN FISH. 

COLD-STORAGE HOLDINGS IN 1922. 

The year 1922 was the first year of publication by the Bureau of 
Fisheries of the statistics on frozen fish collected by the Bureau 
of Markets and Crop Estimates of the Department of Agriculture. 
Monthly bulletins were issued, showing the holdings, by sections of 
the country, of the several species. The following table shows the 
total holdings of all the freezers, 274 in number, which are devoted 
wholly or in part to the cold storage of fish, together with the totals 
for the years 1917 to 1921, inclusive, for comparison. It will be 
seen that the holdings were very much smaller in 1922 than they 
had been on corresponding dates in several previous years. The 
time of least holdings was in May, and of greatest holdings in 
November. 

Monthly holdings of frozen fish in the United States in 1922, by species, and in 1917-1921, 
by totals. 

Month ending— 

Species. } 
Jan. 15. Feb. 15. Mar. 15. Apr. 15. May 15. June 15. 

Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. 
Bluefish (all trade sizes)....... 560, 281 288, 842 154, 308 84, 573 76, 625 65, 731 
Butterfish (all trade sizes)....-. 517, 671 392, 633 226, 769 174, 142 31, 974 45, 869 
(UPA toed one See ee (*) @) () @) () Q) 
Ciscoes_ (including bluefin, 

blackfin, chub, lake herring, 
BUG. ys. OPS Ee TA. uke ole 5,561,416 | 4,431,776 | 3,110,959 | 2,022,514 | 1,420,733 1, 080, 265 

Ciscoes (tullibees)...........-- 1,563,492 | 1,919,122 | 1,398,898 | 1,293,296 | 1,228,155] 1,136,446 
Cod, haddock, hake, pollock. .| 1,361,438 | 1,136, 103 912, 639 673, 813 501, 345 391, 435 
Cromberse : . . 220s ta.5 ee: 28 72, 555 | 22, 802 | 12, 431 27, 455 36, 916 24, 395 
MOWNGerS =. 58. Sse 55-2 Akh A: (1) () (1) (@) (2) (1) 
Halibut (all trade sizes) -....... 6,306,402 | 4,804,504 | 3,792,067 | 2,552,146 | 2,879, 457 3, 877, 505 
Herring, sea (including ale- . | 
wives and bluebacks)....... 4, 147,828 | 2,493,750 | 1,157,587 756,686 | 595,294 | 1,121,368 
Ieee, an ke 1, 866,261 | 1,256,408 | 700,022 262, 413 400, 243 497, 994 
Mackerel (excepting Spanish) .| 1,480,099 | 1,333,111 907, 933 381, 666 670,695 | 1,929, 491 
Pike Pee and pike or pick- 

Gravee ey sw) 5 ie RIN) () () () () () (2) 
Rockfish 6c 2s oc ee 28, 939 34, 209 62, 690 42, 489 39, 044 | (2) 
Sablefish (black cod).......... 1, 234, 632 1, 069, 903 934, 365 707, 126 651, 426 580, 391 
Salmon, silver and fall... ..... 2; 3927877 | 1/532,008 | 1, 129; 168 535, 507 406, 181 343, 956 
Salmon, steelhead trout....... 549, 797 525, 122 526, 350 268, 136 183, 498 117, 643 
Salmon, all other-............ 2,817,996 | 2,255,775 | 1,501,731 868, 091 725, 315 718, 773 
Sea Dass 23's = spbge¥- be enn be 74, 368 61, 340 53, 123 47, 320 49, 009 @ 
Scup (porgies)-.--.......2...- () (1) (1) Q) (1) z) 
Bhatt. 4 - aa shg--5pp-qdaach ty 279,235 | 250, 562 85, 334 62,289} 65, 719 } 972. 14 
Midd You 2s2 fob eben ce 22; 391 10, 564 4, 008 37, 374 55, 013 ’ 

1 Included in “‘ Miscellaneous frozen fish”’ previous to July 15, 1922. 
2 Included in ‘‘ Miscellaneous frozen fish” after June 15, 1922. 
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Monthly holdings of frozen fish in the United States in. 1922, by species, and in 1917-1921, 
by totals—Continued. 

Month ending— 
Species. 

Jan. 15. Feb. 15. Mar. 15. Apr. 15. May 15 June 15. 

Pounds Pounds. Pounds Pounds Pounds Pounds. 
SHeMASHseece ese see cco aevee (1) ¢ (1) (2) Q) () 
Smelts, eulachon, etc.........- 383, 769 982,110 | 1, 153,317 447, 520 360, 663 351, 032 
Squeteagues or ‘‘sea trout”’...| 1,484,601 | 1, 150,765 659, 069 415, 236 359, 431 282, 955 
STOIC ES silt ae ee eee eee ee 1,879,094 | 1,438,138 | 1,008, 871 513, 843 640, 205 1, 036, 268 
Sturgeon and spoonbill cat.... R Q) Q@) @) Q) Qa 
WLIGK CES ciara te eas saree ret deree 1) Q) @) Q) @) 1 
Wihitefish! 25s Sy . 52.2.2 2,201,436 | 1,990,535 | 1,413,991 | 1,633,224 1,488, 930 1, 427,316 
Wihitin gases ooccoseceeziests 3, 440,123 | 1,971,639 939, 166 | 601, 533 681, 941 1, 445, 202 
Miscellaneous frozen fish...... 8,093,511 | 6,390,541 | 3,629,918 | 3,076,583 | 3,528, 104 4, 074, 226 

Motaly 1999-252: 3 eRe 48, 320, 212 | 37,742,262 | 25,474,714 | 17,484,975 | 17,075,917 | 20,821,345 
Totalamg nits sae esos an 53, 851, 000 | 42,116,000 | 33, 404,000 | 28,444,000 | 26,346,000 | 32,311,000 
Aner ih pa ea Pree 61,510,357 | 47,904,057 | 29,958, 132 | 20,632, 834 | 19,803,817 | 27,779, 230 
Total, 1919 80, 683,761 | 67,617,473 | 50,036,475 | 37,110,856 | 37,174,104 | 48, 840,359 
Total, 1918 ..| 51, 116, 037 | 35,907,071 | 28,457,301 | 26,548,272 | 31,403,425 | 50, 298, 027 
Total, 1917 -| 32, 234,530 | 14,727,099 | 13,374,429 | 9,516,217 | 14,040,024 | 27,791,047 

Month ending— 
Species. = : = 

July 15. Aug. 15. Sept. 15. Oct. 15. Noy. 15. Dee. 15. 

Pounds. | Pounds. Pounds. Pounds. Pounds. Pounds. 
Bluefish (all trade sizes)....... 146, 560 | 217, 436 412, 499 616, 902 822, 088 750, 217 
Butterfish (all trade sizes)..... 139,011 | 270, 914 331, 408 413, 172 698, 229 560, 308 
COP nit) shah ADR RRP Er paler bie kal 93, 850 | 226, 185. | 223, 567 286, 840 294, 897 276, 165 
Ciscoes (including bluefin, 

blackfin, chub, lake herring, | 
SueN) IIs SEE batt 987,020 | 2,784,763 | 4,921,011 | 6,396,242 | 6,065,777 6, 035, 490 

Ciscoes (tullibees) ............- 1,065,332 | 1,107,863 | 1,262,472 | 1,102,933 726, 353 691, 601 
Cod, haddock, hake, pollock. . 339, 608 401, 952 | 399, 663 374, 282 467,872 | 578, 789 
Croakerse oof 5225.22.02. 623 75, 107 36, 631 21, 983 6, 187 18, 105 3, 992 
Wlounders: see so. eee eee 232, 922 | 253, 371 | 260, 994 294, 205 368, 583 323, 004 
Halibut (all trade sizes)......- 4,380,814 | 4,834,598 | 6, 287,404 | 6,825,076 | 5,741, 218 4, 534, 336 
Herring, sea (including ale- | 
wives and bluebacks)......- 1,086,214 | 1,584,969; 1,939,373 | 6,426,458 | 4,064, 862 2, 936, 146 

Takeytromtjaiss 22. S25. 564, 824: 496, 889 426, 471 592,295 | 1,616,778 1, 853, 804 
Mackerel (excepting Spanish).} 2,425,336 | 2,846,563 | 2,982,542 | 5,024,591 | 5,602,906 4, 953, 093 
Pike perches and pike or pick- | 

BEC ley me sea tae ee ys Re 294,740 | 309,971 326, 227 544,572 | 1,221,608 | 2, 284,614 
Bockfishes,..<-..43¢-01/4 3 2 | 2 2 2 (2) (?) 
Sablefish (black cod)..-..-. A 488, 369 527, 449 609, 989 808, 067 904, 713 813, 479 
Salmon, silver and fall........ 600, 519 968,776 | 2,000,351 | 3,391,007 | 4,265, 068 3, 414, 927 
Salmon, steelhead trout-......- 208, 593 491, 643 620, 807 674, 078 680, 250 709, 845 
Salmon, all other............. 1,193,740 | 1,795,048 | 4,389,069 | 5,973,497 | 5,392, 880 4,175, 559 
Sea basses seh tee es 2 2 2 2 (2) 2 
Scip (porgies))-cisece saa oer 1,043,186 | 1,994,110 | 2,056,438 | 2,019,059 | 1,837,128 1, 695, 801 

cred Pies ict ee Bee 2 eas 300, 415 316, 930 337, 193 349, 533 350, 019 214, 345 

Shollfishineccs.. ca oeeeeneeecoe 234, 951 207, 485 196, 044 297, 906 492, 780 563, 496 
Smelts, eulachon, etc....-..... 334, 332 332, 124 336, 185 326, 580 299, 418 203, 858 
Squeteagues or ‘‘sea trout”... 260, 400 178, 590 439, 231 535, 027 612, 389 531, 486 
SCE (5 EA ole SAC 8 1,038, 565 | 1, 037, 814 881, 371 | 801, 356 497, 286 268, 207 
Sturgeon and spoonbill cat.... 257, 338 319, 535 389, 402 434, 463 406, 616 366, 914 
MCKGIS o> o2hane tenia seescie eect 16, 271 14, 385 7, 739 7, 330 12,779 16, 954 

Wihitefishy 2S. skh 2 ree ee 1, 439,629 | 1,444,187 | 1,755,583 | 2,182,448 | 2,277,889 2, 146, 540 
AWS Tt eye eye te ae 3,047,540 | 3,786,091 | 4,009,602 | 4,048,788 | 3,931,149 3, 406, 502 
Miscellaneous frozen fish... ... 3,324, 856 | 3,439,898 | 3,316,526 , 003, 889 | 4, 832, 643 4, 380, 408 

Motal; 19220 955.5 eee 28 25, 620, 042 | 32,226,170 | 41,141, 144 | 54,756,783 | 54,502,283 | 48, 689, 830 
Total; 192 eee 40, 160,000 | 47,431,000 | 54, 469,000 | 58, 899,000 | 61,228,000 | 59, 125, 646 
otal tO208 hee 36,617, 706 | 47,140,132 | 56,295,975 | 64,730,531 | 67,549,377 | 65,841, 000 
Total; [99 e ee 59, 674, 301 | 65, 145, 234 | 69,580,555 | 76,763, 253 | 78,769,101 | 74, 202,339 
otal 1O1g. ease es 64, 864, 532 | 82,554,798 | 89,203,946 | 93,811,909 | 99,631,789 | 96,600, 247 
Moral wet 7Csos eee 38, 431, 221 | 44,024, 666 | 47,197,660 | 60,676,722 | 70,938,957 | 69, 986, 671 

1 Included in “Miscellaneous frozen fish’”’ previous to July 15, 1922. 
2 Included in “ Miscellaneous frozen fish”’ after June 15, 1922. 

QUANTITIES FROZEN IN 1922, 

The following table shows the amount of fish frozen in the United 
States in 1922, by months, with totals for 1920 and 1921 for com- 
arison. If we reckon the total catch of edible fish in the United 
tates and Alaska as 1,600,000,000 pounds, the total amount of 

fish frozen 75.453.674 pounds—is about 4.7 per cent of the total. 

a n 
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Fish frozen monthly in 1922, by species, and in 1920 and 1921, by totals. 

Month ending— 

25 

Species. -— 
Jan. 15. | Feb. 15. | Mar. 15. | Apr. 15. | May 15. | June 15. | July 15. 

| 
——$—_______| ——— © |- (a W 

5 Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
Bluefish (all trade sizes)........|.......... | 87 3, 038 3,184; 4,710, 96, 538} 107, 860 
Butterfish (all trade sizes). ...-.|.......... ie cate ft % Ona sc Ae | 20,477}. 82,516; 153,349 
Cath aioe | GC) |G) @) ag} @ 32,995, 144, 875 
iscoes (including bluefin, black- 
fin, chub, lake herring, etc.). . 1,495} 16,111) 54,955) 14, 995, 9,035) 167,351] 2, 160, 231 

Ciscoes (tullibees)...........--. 20,551] 21,655 87 ae ee 54 1,883) "100,794 
Cod, haddock, hake, pollock... . 7, 240 38, 814 121,318 51, 615) 81,415, 26,138) 140,489 
Semis Peel RS duals Stele y Bs bee pieces se te 245 seh oe 64, 720| 22527 

lounders: ..1.°. aged thee ) 1 | 608} 52, 854 
Halibut (all fede sizes) wecaere 366,656] 132,730) 86, 702 60,016) 327, 932 742023} 602/336 

erring, sea (including alewives 
angubiienns) 28... <= gaveee 237,800; 118,170; 180,085) 116,995, 418,227; 127,355) 568,875 

Walsienut-.) ots. eee 16,771| 16,767;  3,914| 100,725, 164,412} 109,125, 38/228 
Mackerel (excepting Spanish).../ 59,566! 38,077 6,268| 272,610) 1,332,947, 624,264! 502,729 
Pike perchesand pike or pickerel ) 1 (1) (1) | (2) 27,941 23, 684 
Sablefish (black cod). .......... 9,115} 20,363} 27,696, 89,569, += -10,300, 56,114) 126, 593 
Salmon, silver and fall.......... 113, 716 66, 106 10,639 ‘11, 740, 79,488) 345,895) 441,724 
Salmon, steelhead trout. ....... 2330 Pe S20) “BrSpos eRe ae 4,015) 103,436) 300, 391 
panons, all ater ee A oie ae a 295 a 491 ue 718 si 786, os 177 785, 093 687, sis 
[eyo of GaLe) if=1{ sc) | eee ( 082; 991,728 

Shad and shad roe........-.---- 1,312 1,029) 36,639] 50,806! 167,699| 22329 38 644 
iptninting ete ced se ay 1 ©) Q) ) 32,194) 36, 558 
Smelts, eulachon, etc.........-./ 151,053] 116, 021) 33, 407) 1,381) 767 900) 2, 865 
Squeteagues or ‘‘sea trout’’..... PT te nn RE ae 6, 753 9, 507 15, 175 40, 383 9, 030 
GHG ea emu seus Se 5, 000 TGA Sees es 207,013} 422, 219) 91,845, 124,291 
Sturgeon and spoonbill cat -. (1) (1) (1) (1) (1) 88, 032 97, 009 
Bodmer cans 6 od (1) 0) Oe, a Oia | “151 
A pe a seen eee e ee eee ee eee 4, 885 8, 410) pee tag ea ae es i oe 48 mid 133 

WER GE > pec per as ee tig tomes 67,271; 308,484 20, 225) 4, Bes , 975 10, 336 
Miscellaneous frozen fish... ..... 369,987, 437,143} .612,126/ 717,321) 1,551,433] 7 864,929] 686/058 

Total frozen fish, 1922..... 1,452, 801| 1,363, 942| 1, 496,538] 1,980,435] 5,849, 537) 7,376, 237| 9, 121, 160 
Total frozen fish, 1921..... 2’ 843/000] 1,770,000! 2,413,000) 2,698,000} 9,624, 000'10, 151,000) 9, 845, 000 
Total frozen fish, 1920...-. | 2,273,744 2,630, 482| 2,465,375] 3, 687, 538/10, 094, 367|12, 761, 791|13, 620, 232 

Month ending— 

Species. l | Total. 

Aug. 15. | Sept.15. | Oct.15. | Nov. 15.] Dec. 15. 

Pounds. Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
Bluefish (all trade sizes). ......-..-...---- 185,485, 218,183) 191,012) 2, 067 3,956} 815, 220 
Butterfish (all trade sizes)...........-..-. 88,069) 106,410) 328,709 85, 437 330) 869, 251 
Seen See ee Lady | EL Ts 8,069} 102,914) 44,338, 15,443] 214,550| 563, 184 
Ciscoes (including bluefin, blackfin, chub, | 

Gilterminevete: \ppoth Woke Lie he 2, 823, 391! 2,094,303) 584,432! 1,397,871 921, 082/10, 245, 252 
Viseoes (tullibees)... 22000. c ce 55, 278| 13, 747 91,512, 290, 976 139, 217|. 741, 019 
God, haddock, hake, pollock 60,515 112,131 201, ea 170,562' 33, 604 1, 045, 452 
PDARBIS: .\s suct eee stl) Aue e ahs Se ae 9,990). 28 le See RE NIET Fae se ON ea 
CA” Wins 0 Saar ae entrain ei 36,828] 52,326] 88,017 48,482 4,372,305, 487 
Halibut (all trade sizes)................--- 1,260,915! 1,001,999 234,217, 145,975, 160,895 5,122,396 

Tansy? Pe Oe i ety 397, a 4,696 ay 645,882 403 | 58,425, 7,964,778 AG Fa et Ste oat at eon Gt ie > ies nice teins wich abeiete < } | | 
BARD CONES, Gols ee ee 57,219 174,429] 1,036,142, 4347674, 26, 204. 27178, 610 
Mackerel (excepting Spanish)............. 354,543 2,016,323, 606,200 160,424, 191, 297, 6, 165, 248 
Pike perches and pike or pickerel.......... 30,539 248,609, 605,551 1,175,429, 43,074) 2, 154, 827 
Sablefish (black cod).........2..2..2-..0+: 164,715, 282,358] 228,486 82,806, 17,243 1,115,358 
Salmon, silver and fall. ................--- 938,467, 1, 583,684) 1,247,996 74,517, 93, 203, 5, 007, 175 
Salmon, steelhead trout................... 122, 472) 85, 983) 11, 081 16,175 2,485) 691, 420 
Salmon, all other..-......2....220.-..-000+ 2,287, 400| 1,767,568) 328,967 86,795) 26, 490) 6, 444, 599 

LYSATE Tr Ue gee g008, 270254888139) _1,000 3705488 
Shellfish. .........-1.......sssss2..cs222..{ 63,550) 1927902) 240)625, 222,797| 123,762) 912, 388 
Smelts, eulachon, etc....................-- 10, 103 6, 910 8,144) 25,211 28,200 384,962 
Squeteagues or ‘‘sea trout”. .............- 303,168, 115,169 87, 481) 1, 898 2,275) 598,587 
Bepid Bate. ae eed ae 1,370, 19,102) 31,461] Be 7OG ae cr eae | 912,261 
ele and spoonbill cat 73,208, 77, ee eb 45 ne 3, eH on o 
uckers 398 892! | | F 

Whitefish 280,189| 172,720, 276,228} 301,446, —_ 80, 463) 1, 254, 898 
Whiting. . 382,197, 381,168| 323,837| 317)680, 231, 886| 6, 058, 126 
Miscellaneous frozen fish 719, 338, 1,227,596) 1, 860,332) 1,576,834, 333, 251/10, 956, 348 

Total froven fish! 1922 0-2 ose 23s. te 10, 826, 942/16, 830, 080) 9,344,469) 7,069,995) 2,741, 538/75, 453, 674 
Total frozen fish, 1921............... , 356, 990,000, 9,869, 000| 8,173,000, 2, 441,892.79, 173, 892 
Total frozen fish, 1920.............-. 11, 803, 606)11, 168,810, 9,711,800) 9,750, 844) 4,005, 000 93, 973, 589 

(1) Included in “Miscellaneous frozen fish” prior to June 15, 1922. 
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_ The amounts of the different species frozen are shown graphically 
in Figure 3, in which it will be observed that salmon (of all species) 
stands first in the amount frozen. 

QUANTITIES FROZEN IN 1921 AND 1922 COMPARED. 

The following table compares the amounts of fish frozen in 1922 
with those of the previous year. It will be observed that some 

SPECIES MILLIONS OF POUNDS. 
ete ZY Sasa py eine, |. Meaigger, | 9 veal Ocmmslint Size 

SALMON 

MISCELLANEOUS 

CI5$CO 

HERRING 

MACKEREL 

WHITING 

HALIBUT 

LAKE TROUT 

‘ = aS re << rm ~ > = = a imal cm —t la) ] 

SCUP 
WHITEFISH eh | 

A aon tc at | 
HASE, POLLOCK | 
SHELLFISH 
SQUID 
BUTTEAFISH 
DLUEFISH 
TULLIBEE 
SQUETEAGUE 
CATFISH 
SMELT 
SHAD 
STURGEON 
FLOUNDERS 
CROKERS 
SUCKERS 

RSE ECS, 1921 10 DECLIS 1922. 

JUNE 15, TO DECIS, 72 

—~ wr ee gE EE 
Fic. 3.—Amounts of different species of fish frozen in 1922. 

striking changes took place. In 1921 halibut stood first in the order 
of amount frozeu, while in 1922 it dropped to sixth place; salmon 
changed from second to first place; ciscoes, which were fourth in 
1921, were second only to salmon in 1922. Mackerel showed the 
most phenomenal increase of 129 per cent and moved from seventh 
lace in 1921 to fourth in 1922. This was caused by the unusually 
arge run of tinker mackerel on the New England coast in the fall 
of 1922. Only the four groups, salmon, ciscoes, mackerel, and 
whiting increased; all others showed a decrease in quantity frozen. 
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Comparison of amounts of fish frozen in 1922 with those frozen in 1921. 
CS ET ES A 

Increase 

Species. 1922 TOR | etree 
(—). 

‘ Pounds. Pounds. Per cent. 
Meron AlliSnemierassrc .dumemans cusndecteten «= a2 OT OS aie ienleratlsts 12,143,194 | 10,033,619 + 21.0 
Gisenes, all SHeriess o 5. 1. hoe sos ase cecsme tess ccs nese iitcssssgeebeett 10, 245, 252 8, 649, 315 + 18.4 
Herring, sea (including alew:ves and bluefins).....-.....-.-..---.-- 7,964,778 9, 827, 671 — 18.9 
Mackerel (excepting Spanish) : +128.8 
ae a RR ad oS ty RR Sg ee | _ $ 
Halibut (all trade sizes).....-. 
WAKO ETOUL SE teas. 5. Caa ste sos 

Scup (porgieS).....-.-.-..-- 0 --- 2-2 - eee ene eee eee tee eee cee eens 
PY Ritesh... leh J. DO 8 oo. ke El BUS Tet 1,254,898 | 2,403,900} — 47.8 
Sablefish (black cod). ..-..+-.-------- 2-2-2 sees e eee eee seen ee ee een ee 1,115,358 | 1,677,548 | — 33.5 
Cod, haddock, hake, pollock... ... 2.) Pesce ie ocd acemneeteren t= 1, 045, 462 1,992, 154 — 47.5 
BONASH .-.- see GEE eo Rae 9G... b eime abet fat lo siviete a'dep- dgeten con | 1912388 (2) File oaes eres 
SG rea racers ae Se ee se oe SE See cee clan eeelrwe ceceeeetewsenne rr | 912, 261 2,943,311 — 69.0 
Buttertish (an trade sizes) eos... cheek ee ote ce seduce csccuptwubie 869, 251 959, 112 PES Qh 
MlnSHnh (all tenn SIZeS) = see eee ec ose cms 2 ste cinta sce anon aes caecitabiancs | 815, 220 932,727 — 12.6 
Tullibees.....- BS cepbbogtpyy- b's 24551 | 741,019 CE tg IRAE. rae 
Squeteagues or ‘‘sea trout’’.. 3a =) 598, 587 2, 230, 253 — 73.0 
@athsne ees. o fete 1 563,184 (CaO Aen Ree nee 
Smelts, eulachon, etc....-.-- 384, 962 610, 753 — 36.9 
Shad and shad roe..........-. | 370, 483 428, 400 — 13.5 
Sturzeon aAncispoonhil Cates 2. <2 coc ceeee cc cere ernndnacccescceeses| | YO00; O00. (2) ent a case sk ta 
(UL GLETat Blas alee oy ee a say ee RR LS SB I et eee eae 1 305, 487 rth | ae, 
Croakers.....--..-.-.e 2-2 eee eee eee eee eee terete eee eecte eens 136, 672 341,439 | — 60.0 
BOCROTS Soe. aie eae ee < tis ceititaiusin:sso'enc epesonenahocereS sods saeneae . § 20,433 (a ites ee 

1 From June 15 to Dec. 15 only. : 
2 Included in “‘ Miscellaneous frozen fish”’ prior to June 15, 1922. 

QUANTITIES FROZEN IN 1922, BY GEOGRAPHICAL SECTIONS. 

The distribution of the fish-freezing business among the several 
geographical sections of the country ‘by months and ‘by species is 
shown in the following tables. Eighty per cent of all freezing was 
in the New England, Middle At- 
lantic, and North Pacific Coast 
States. (The Great Lakes fish fro- 
zen in New York and Pennsylvania 
are included in the Middle Atlan- NEW ENGLAND 
tic section.) The percentages of 24.37% 
the total amount ae ie Hee ri 
ferent sections are: New [Englan : 
States, 24.67 per cent; Middle At- I HeSTERN, sour 30 
lantic, 27.12 per cent; South Atlan- (sae a ik a 
tic, 0.34 per cent; North Central,  \ 
East, 10.88 per cent; North Central WESTERN, NORTH 

| MIDDLE ATLANTIC 
aa 

West, 5.11 per cent; South Cen- 21.9%, 
tral, 0.88 per cent; Western, North, 
27.94 per cent; Western, South, ~ ee 
3.04 per cent. The smallest amount 
frozen in any one month was 1,980,- nee saben) 
eA putniay Uri dea? pee cant OLr fon by. toe tered secriansiotithe parabens 
the total, in April; the largest 
amount frozen in any one month was 16,830,080 pounds, or 22.30 per 
cent of the total, inSeptember. The distribution of the fish-freezing 
business is also shown graphically in Figure 4. 
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Fish frozen in 1922, by geographical sections.' 

BY MONTHS. 

‘ | | New Middle South North Cen- | North Cen- 
Month ending the 15th of— | England. | Atlantic. | Atlantic. | tral, East. | tral, West. 

Pounds. rire Pons ee Neon 
AME van b Een Gennes BAe Le oR Ey se a yee 267, 709 400, 050 4,242 5 
aeons ee Mg ee cb Sas MER ne 307, 300 237, 530 137214 131) 968 440, 979 
MSG a Eee ee tee ola Sete a Saela ve ciciatetn icles 361, 124 287, 765 22, 956 188, 171 321, 180 
Foy ee ee IRENE Ea An, = Oi Sete eit are 402, 727 414, 591 iM ate Ft he aus Rae 
NS PO RUS A Se Oe As ih tee 3,085, 487 787, 601 2, 245 4 3 
ate SOR in eS og 3) 884, 579 929° 973 15,691 393, 032 163/298 
(G1 pee Ee (Ses Sct ae MSE) 2 Ben ie | Ae eS 3,419,877 | 2,491,997 13,115 500,319 301,028 
OTE FDR PRR CTE GE EN a 1,439,981 | 3,606, 289 2,300 777, 609 189, 581 
September... 3,705,641 | 3, 5, 063 ae era ‘ de Be ioe ae 
October .... 1,303,363 | 3,062,0 55, 486, 5 
Ng VEIIDeL Aue ney ncosbige. stasaeaaticee cg ”212)941 | 3/301) 666 6,740 | 1,742° 806 506, 431 
Pecempbeny- Pe bass «home Roe aetuaa= = tee eece 227,819 | 1,123,376 215 482, 679 513, 979 

Pobale ces killa Maen mania ge ee ere 18, 617,648 | 20, 468, 891 260, 263 8, 209, 809 3, 855, 146 

Per cent of totalue.... ofc Ra OFAC E HIE yen Ol 0.344 10. 88 5.11 

ist South Western, Western, 
Month ending the 15th of— Central. North. South. Aotal. 

Pounds. Pounds. i Pounds. Pounds. Per cent. 
January . vse Vahen oo ienipinsameomeaatonic sce 28, 094 335, fp 206, we 1) Be a 19.2 
ODTUAr ys ee leas By acme eae cl aniaey te 16, 262 73, 81 142) 872 363, 942 18.1 

95, 000 103, 010 117,332 | 1,496, 538 19.8 
35,026 282, 225 295, 954 1, 989, 435 1.32 
22, 526 569, 633 245,038 | 5,849, 537 7.75 
63,342 | 1,722, 917 203,405 | 7,376,237 9.77 
67,570 | 2,175,550 151,704 | 9,121,160 12.09 

127,446 | 4,565,569 119,067 | 19. 826, 942 14.35 
Cy 883, 660 155, 225 16, 830, 088 a 20 
11,919 | 2,337,223 105,040 | 9,344, 469 ig 
25, 871 957,341 316,199 | 7,069, 995 9.37 
82,319 76, 236 234,915 | 2,741,538 3.63 

Motal C1 6bss SEO Ee, ee Ne Po 666, 598 | 21,082,556 | 2,292,763 | 75,453,674 100 

Per centiofdtotaliys chew. pet eee UGB) Heros SOSNiGe2 < ieee ee eee eee 

BY SPECIES. 

| ' North North 
cite New Middle South 

Species. England. | Atlantic. | Atlantic. eres Pautteas 

—S — } = . 

Pounds. Pounds. Pounds, Pounds. | Pounds. 
Blnefish \(allitrade sizes). -.\.-s. 8 Ses cc. | 4, 851 TAOS OAD Nee ae See 14, 151 1,4 
peerasl (ablitrade'sizes) 338. se ose | 191, 681 674, 544 , 600 426i a Anise ae 
PUES AEN ai ots wee biclsce eters bine oe eee ela awit os arenes 2 DOON| Cancer eee 33, 514 507, 648 

Ciscoes (including bluefin, blackfin, chub, | ; , : 
Jake vherring,\ete.) ies 2. Suu A ete a 113,586 | 7,962,830 |...........- 1, 995, 430 169, 506 

Ciscoes(tullipees) A. 4s. be Seman cco cus dae be soe ASB POSH. 5 EES ORS 152, 733 148, 787 
Cod, haddock, hake, pollock............... 342, 127 443, 409 4, 965 56, 714 26, 594 
cere AM hg Ese ay 2 Cat ep ya reegers sree Bt SOR Ee 136; OF2n (et Oe oe eee. eee Rae eae 

ounders 2 71, 435 ABST bl ee Amel etd WO a ae 74 
Halibut (all trade sizes).................--- 603, 923 241) 244 150 | 299, 060 112, 513 
aa sea (including alewives and blue- | “a HA ia Ried ae see 

CK Sn areM AAR Lali eae I Le 3, 293, 07! 924, 1 oy 70, 23 i 
Bake trout oe) Jae C ee PU AU DMN he | 1, 238 D280; 400 || Aa tee 1, 405, 133 243, 394 
Mackerel (excepting Spanish).............. 4,291,906 | 1,324) 435 21,200 | ” 42) 968 35, 572 
ae tats pod a or pickerel 2........- 5, 467 | 1,504, a8 BN = Ale ea es 16, no 
ablefis ACK COG) AGUA ee TE CD ACRE Tt Re eg I 

Salmon, silver and fall..................... 216, 443 215 62) 574 73, 133 
Salmon, steelhead trout.................... EAC Aa aM ae POSUOTY Crean rete 
Seep Ce or other sig Ean AUR Oh AN ve ae USER erg ees 411, 091 19, 752 

Shadiand shad roei!))2). 9 Ma SBT 1,583 | 7” 45,689 | 10, 698 
BresHaCC un ee Ey Cli 525, 069 81; 740 28) 572 76,710 
Smieltsyemlachon, 6tels 4 MyQu lena ih eae 30 LG ets srs ots 20, 228 4,673 
Squeteagues or ‘“‘sea trout” SOSA ee SCS ee OR at OEE IE te eee 

1 New England includes the six States of that section: Middle Atlantic—New York, New Jersey, and 
Pennsylvania: South Atlantic—Delaware, Maryland, District of Columbia, Virginia, West Virginia, North 
Carolina, South Carolina, Georgia, and Florida; North Central, East—Ohio, Indiana, Mlinois, Michigan, 
and Wisconsin; North Central, West—Minnesota, Iowa, Missouri, North Dakota, South Dakota, Nebraska, 
and Kansas; South Central—Kentucky, Tennessee, Alabama, Mississippi, Louisiana, Texas, Oklahoma, 
and Arkansas; Western, North—Montana, Wyoming, Idaho, Washington, Oregon, and Alaska; Western, 
South—Colorado, New Mexico, Arizona, Utah, Nevada, and California. 

2 Figures show amount frozen after June 15, 1921. 
“‘ Miscellaneous frozen fish.’ 

Prior to that date, this species was included in 
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Fish frozen in 1922, by geographical sections—Continued. 

BY SPECIES—Continued. 

29 

| 
- North North 

‘ New Middle South 
Species. England. | Atlantic. | Atlantic. pret Aa peel 

Pounds. Pounds. Pounds. Pounds. Pounds. 
Sqnida tees RIO, ee, 2 805, 709 96, 156 1,164 1,340 7, 892 
Sturgeon and spoonbill cat ?............... 749 LGR EOS 2 lee iE we oe ae 12, 897 2, 265. 
Suckers’3.-70./2 2... erent ae eee eae ie So eiaeinete arate si< t| OO” Nene Sone 19, 792 151 
Wihiletishs 7-2 barsgry mr yteel? ceed sas 26,000 ||) } SbL 27a J). tsb hee Lhe 768, 648 108, 423 
TOWLE SS rat ge an ieee a in 9 ae ra a ae 4,282,956 | 499, 509 800 400 | 1, 274, 461 
Miscellaneous frozen fish. ...............-.. 1,696,929 | 2,471,731 142,946 | 2,119,319 931, 927 

Mota: Sash! Shy. eee de a. 18,617,648 | 20, 468, 891 260, 263 | 8, 209, 809 3, 855, 146 

South Western, | Western, | 
Species. Central. North. South. | Total. 

Pounds. Pounds. Pounds, Pounds. Per cent. 
Bluefish (all trade sizes)..........2..2..... DEL SION. Fk ES PSE. Oso eed 815, 220 1.08 
Bat tarnsh) Calitrade: SizeS)) 2c ee eet ee eee ee oS eae 869, 251 1eAb- 
CEES RSE ET SO Se I RR a eet ge el Rds SS See | hal deed ie 563, 184 .75 
Ciscoes (including bluefin, blackfin, chub, 

JARS MOREMAG. OlCS). 6k cn coco eco e coke By GOD Nias, 2 ene ee os oes 10, 245, 252 13. 58 
Ciscoes (tullibees) 4 Sas 9-8 TANS Gh ew gd BE TOOK. ALE be Ess 741, 019 . 98 
Cod haddock, hake, pollocke.2. 6 om 2.22.22 te cee perce 24, 018 147,635 | 1,045, 462 1.38 
CURDS aes Ree Es A Ee AA ee NN inch So geaieectaee bah A eee en IAEA Src 136, 672 18 
Wigundersi4-s 27240088 Pom ee We. bein 9, 547 12, 050 305, 487 . 40 
Halibut (all trade sizes)...................- 475 | 3,724,940 140,091 | 5,122,396 6.79 
Herring, sea (including alwives and blue- 

backs)..... 1,580 | 7,964,778 10. 55 
Lake trout : 2, 178, 610 2. 89 
Mackerel (excepting Spanish)..............|......--+--- 7,819 441,348 | 6,165, 248 8.17 
Pike perches and pike or pickerel 2.....__. UF YU RAC I Ti a 2,154, 827 2. 85 
Sablefish (black cod)... .22-22.0.22-22.002. 937, 990 159, 305 | 1,115, 358 1, 48 
Salmon, silver and fall... 3, 927, 881 425,170 | 5,007,175 6. 63 
Salmon, steelhead trout... ...2.2.2....0... , 98 635, 410 5, 517 691, 420 . 92 
Salmon? allothera2s3/5 77.050) OS eo Is: 8,300 | 5,499,970 182,873 | 6, 444,599 8, 54 
SSCHDUNDOLEIRS ) 4a -7 pes se ak crac, Ain) aie ae ee ef SND ered oi ne 2, 063, 331 2. 73 
Shad/and shad'roe:t. 9) .02. 21009. 1! 1, 906 155, 399 33, 136 370, 483 49 
Hel fish 85 Vso pey el eee te ately 1,734 52, 546 75, 005 912, 388 1.21 
pmeltseulachon, ete!) i229. ES 45 AG" SOS Th sams eee 384, 962 51 
Squeteagues or ‘‘sea trout”................ KC, EMRE Ka LB Ske Moe eos ae 8 Be 598, 587 .79 
CEERI Oe emeer See Ape Ch Ny RPO ES SAT es Ter a Qa tena wn ca 912, 261 1. 21 
Sturgeon and spoonbill cat ?.........2.22.. 4,130 P43, 826s 22 PLES 355, 899 -47 
LG OE ein SG SEES GED Dag Ge MOPAR ME IEEE OF tevuer 2 to ult (nil ae Seen ae Pea 20, 433 . 03 
AUREL CASED pers eee a cee YS Oe GR EN) eet ae te Lae MM ae 1, 254, 898 1. 66 
WWI GI py easss 2 dope EB heed ebared lire ea elle 4a 128 valves reget 6, 058, 126 8. 03 
Miscellaneous frozen fish................... 608,512 | 2,315,931 669, 053 | 10, 956, 348 14, 52 

IGT T os ie whee Nc an BIBS Se ba onl 666, 598 | 21,082,556 | 2,292, 763 | 75, 453, 674 100 

2 Figures show amount frozen after June 15, 1922. Prior to that date, this species was included in “ Mis- 
cellaneous frozen fish.” 

NEW ENGLAND VESSEL FISHERIES. 

GENERAL STATISTICS. 

In the vessel fisheries at Boston and Gloucester, Mass., and 
Portland, Me., during 1922 there was a decrease in the number of 
trips with an increase in the quantity and a decrease in the value 
of the products as compared with 1921. 
ber of trips at Boston was 
cent, and at Portland 12.26 per cent. 

6.01 
The decrease in the num- 

per cent, at Gloucester 20.26 per 
At Boston there was an 

increase in the products landed of 1.74 per cent in the quantity and 
a decrease of 4.05 per cent in the value; at Gloucester, an increase 
of 14.34 per cent in the quantity and a decrease of 11.61 per cent 
in the value; and at Portland, an increase in the products landed 
of 18.2 per cent in the quantity and 3.3 per cent in the value. 
Statistics of these fisheries have been collected by the local agents 
and published in monthly bulletins, showing by species and fishing 
grounds the quantities and values of fishery products landed by 
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American fishing vessels during the year at these ports. Two 
annual bulletins have been issued, one showing the catch by months 
and the other by fishing grounds. 

The fishing fleet at these ports during the calendar year 1922 
numbered 338 sail, steam, and gasoline screw vessels, including 28 
steam trawlers. These vessels landed at Boston 2,893 trips, aggre- 
gating 106,190,403 pounds of fish, valued at $4,020,105; at Glou- 
cester, 1,653 trips, aggregating 37,751,223 pounds, valued at 
$813,353; and at Portland, 1,803 trips, aggregating 15,933,765 
pounds, valued at $632,474. The total for the three ports amounted 
to 6,349 trips, aggregating 159,875,391 pounds of fresh and salted 
fish, having a value to the fishermen of $5,465,932. 

Compared with the previous year there was a decrease of 857 
trips, or 11.89 per cent, in the total number landed at Boston, 
Gloucester, and Portland, and an increase of 9,010,285 pounds, or 
5.97 per cent, in the quantity, with a decrease of $256,697, or 4.48 
per cent, in the value of the products landed. There was an increase 
in the quantity of all the important species except pollock and 
halibut, and a decrease in the value of all except hake, herring, and 
swordfish. The catch of cod increased 1,665,151 pounds, or 3.11 
per cent, in quantity and decreased $95,488, or 5.51 per cent, in 
value; haddock increased 2,783,289 pounds, or 4.12 per cent, in 
quantity and decreased $236,770, or 11.57 per cent, in value; cusk 
increased 149,035 pounds, or 7.10 per cent, in quantity and decreased 
$3,277, or 8.66 per cent, in value; and mackerel increased 1,342,567 
pounds, or 39.67 per cent, in quantity and decreased $59,127, or 
17.61 per cent, in value. Hake increased 838,139 pounds, or 18.47 
per cent, in quantity and $1,728, or 15.76 per cent, in value; herring, 
30,814 pounds, or 1.10 per cent, in quantity and $40,747, or 100.84 
per cent, in value; and swordfish, 1,684,103 pounds, or 105.41 per 
cent, in quantity and $128.610, or 40.39 per cent, in value. Pollock 
decreased 1,847,926 pounds, or 26.60 per cent, in quantity and 
$46,636, or 28.32 per cent, in value, and halibut, 41,879 pounds, or 
0.73 per cent in quantity and $19,017, or 2.36 per cent, in value. 
The catch of Newfoundland herring increased from 551,400 pounds, 
valued at $19,584, in 1921, to 2,302,420 pounds, valued at $76,855, 
in 1922. In the various other species combined there was an 
increase of 2,406,992 pounds, or 77.73 per cent, in quantity and of 
$32,533, or 23.90 per cent, in value. 

The catch of scrod cod landed at these ports decreased from 
1,150,577 pounds, valued at $10,844, in 1921, to 815,371 pounds, 
valued at $9,200, in 1922, and the catch of scrod haddock increased 
from 30,562 pounds, valued at $535, in 1921, to 253,283 pounds, 
valued at, $4,261, in 1922. The small quantity of these grades 
landed, as compared with other grades of these species, is said to be 
due to the fact that the price is so low that the fishermen do not 
save all that are caught. 

The following tables present in detail, by fishing grounds and al-o 
by months, the fishery products landed at Boston and Gloucester, 
Mass., and Portland, Me., by American fishing vessels for the cal- 
endar year 1922. The weights of fresh and salted fish given in these 
statistics represent the fish as landed from the vessels, and the 
values are those received by the fishermen. The grades, or sizes, 
given for certain species are those recognized in the trade. 
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Statement, by fishing grounds, of quantities and values of certain fishery products landed 
at Boston and Gloucester, Mass., and Portland, Me., by American fishing vessels during 
the calendar year 1922. 

Fishing grounds. 

LANDED AT BOSTON. 

East of 66° W. longitude. 

Green Bank 

@Qapembare: sa 5+ 2a: - 552k esos esse. tsste 
Whe Gullyen cect tics scsescs< nesses eo se see se tests 

BE NEHIESAD AIG 1 Co ck ee Sse sae ac oan sae eae soke 
WIG GOVAN KK. See gee. os 5 8s Ao aa, ecisteee cones 
Platts Bank 
GHEY SPCHEO. itt =. NOMS ocan cc etenosis 
Sonu ohannels 755-2 - bes bee. ee cs 
Waintuekensnoals: ia. 520.286 (2 <. 22-2 sotecee denne 
Off Highland Light 
Off Chatham 

LANDED AT GLOUCESTER. 

East of 66° W. longitude. 

NO DLOMBE SR. 220 ces oeoas os cap Meee oe as 5s oe 
St. Anns Bank 

West of 66° W. longitude. 

Browns Bank 
Gaorros Hank. . eis 5 Ss tegede-t eee sc. 2 3- 
South Channel 
Shore, general 

LANDED AT PORTLAND. 

East of 66° W. longitude. | 

aie 2 ae Ste Ty edb he ceap yp. 
West of 66° W. longitude. 

Browns Bank 
GeOrr er Hains o2 bo. oS Pee st one elec cateie 
Fippenies Bank 
Platts Bank... : e732 ee RE 
Jeffreys Ledge. 2.3.00. sR oo hes sects 
Shore, general 

Cod. 

Num- 
ber of Large (10 pounds and over). 
trips. 

Fresh. | Salted. 

| 
Pounds. Value. | Pounds. Value 

28 540, 200 $17, Oped ome) FT Sle esa 
73} 1,350, 660) 54, 888) 20, 750 $726 
25 29, 900 1, 748) 3, 000 105 
6 13, 600 680). zea na ee 

41 10, 600 443, 5, 000 175 
36 80, 305 3, O47). cc .xee nee. 
4 6,350 AID) avin anaee sif-voeee eee 

289) 3, 893, 106 
709] 7,524,584 

1 8, 500 
1 7, 700 

51 107,975 
8, 680 

159 184, 435] 
674| 2,806, 704 
49 78, 600 
1 775 

39 103, 287 
1 4,150 

694 958, 186. 

2,893] 17,718,297; 719,118 47, 750 1,671 

20 895, 470) 17, 792 49,215 2,046 
81] 2, 482, 205) 49,004} 1,084,955 43, 444 
24 156, 830) 3, 050 209, 170 8, 603 
25 38, 620 915 125,955], 4,802 
57 138, 975 2, 809 772,105] “29, 881 
eee a bee a ea 296,780} 12, 088 

18 14, 840 366 16, 035 774 
apetrs eel ea oe memes Ea 66, 020 2, 289 
6 15, 160 300) 31, 210 1,078 

47 615, 930) 11, 758 48, 130 1, 847 
202} 2,382, 511) 47, 371 380,265, 15,329 
22 76, 545| acy 2) eee ae He 

1,133] 1, 888, 828) 58, 353 1,545 63 

1,653] 8,705,914 193,243] 3,081,385] 122, 244 

5 4, 500 150 9,465 402 
29} 1, 235, 545 23, 859 31, 010 1, 295 
17 33, 200 870 29, 730 1,356 
11 7, 500 150 15, 350 599 
rt) a 4c asenl O o ea e 14, 085 600 
4| 9, 500) 152 9,3 350 
4 2, 840, | Y | eee eet ee Seer 

2 4,900 ABB a cht NEe cif Bey eae 
15 3, 870, 116 3, 120 140 
4 9, 760 §05|sss2sssecceeleeaes ues 

56 83, 044) ASTBO) «2.2 4sh << AU Bueioes 
174 236, 326) 13,836) -..2. 227-225} Reese 

1,464; 1,542,288 87, 290 11, 305 457 

1,803] 3,173,273 132, 183 123, 385 5,199 

6,349) 29,597,484) 1,044,544] 3,252,520] 129,114 

55904—23 
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Statement, by fishing grounds, of quantities and values of certain fishery products landed 
at Boston and Gloucester, Mass., and Portland, Me., by American fishing vessels during 
the calendar year 1922—Continued. 

Fishing grounds. 

LANDED AT BOSTON, 

East of 66° W. longitude. 

la Have Bank. .......2. 
Western Bank............. 
@uereanBank.c 2. 522223. 
GAPPISHOLE = actos conte 
ae Gully soos peice cieceies 

West of 66° W. longitude. 

Browns Bank.2..---s-ess= 
Georges Bank............. 
Cashes Bank:--.-.22.5.222%: 
Fippenies Bank.....-..... | 
Middle-Bank: ¢: s<:.5-.222- 

Nantucket Shoals.......-..| 
Off Highland Light........ 
Off, Chatham ys: 22 -ccc- ee) 
Sealelsland)+< =< 2222-5055 ant: | 
Shore, general............. 

LANDED AT GLOUCESTER. 

East of 66° W. longitude. 

MarHlave Bankes ts. 22.22 
Western Bank............. 
Quereau Bank............. 
GroenrBanks eer ies scees 
Grand) Bank.» 2 seec.s-c 
St. Peters Bank... 
Cape Shore.......... 
SteeAnns Banlsteees ces oe 
Ther Gilly eee cas cseewcstna 

West of 66° W. longitude. | 

Browns Bankalo)..5.. 0 
Georges Bank............. 
South Channel. ....\c...2225 
Shore, general............. 

LANDED AT PORTLAND. 

East of 66° W. longitude. 

arave Banks. cote. 
Western Bank............. 
@uereau Banko)... 2202222 
GreenvBanke. 23- £o2 ask ee 

West of 66° W. longitude. 

Browns Bank: --2..2.-.cu- 
Georges Bank... 
Fippenies Bank........... 
Platts Bankeees2. sea 
Jeffreys Ledge............. 
Shore, general............. 

Cod—Continued. 

M 1 " arket Somer oe over 25 Scrod (1 to 24 pounds). 

Fresh. Salted. Fresh. Salted. 

| i) 

Pounds. | Value. | Pounds. | Value. |Pownds.| Value. |Pounds.| Value 
80,630} $1,499|.......... sehen (te ie | Rh ore |e 
7 830) S8619|saen eso o: Tote ered DO VDRON a S148|o 2 22 ese ae nena 
25,475 SBOE seer ee Sa sl Sados oat | eels eel Beane 

5QSS68| e/DeR15| lee el ae ee 3, 600 27 | yee a het eae 
3, 840 DDS |S WA ON TT, 2 PORE rere ch oe 

313040091) 733b6le 2 fo sc|oo~ coer 99, 930 S87 5. Laan eee 
4,595,347! 99,390)... 1: 222.0}. c.ecc6e 94-840) -+ 1, 430/00) Sub Uae nate 

1, 000 BORMAN SS anda RA a ARID a ge ees CE 
3, 100) 54|\- cites 3 aia 5 | retest tel Saree ne clctaiaia Seber mene 

G8F050) <1 685/28. < seal sees 22, 820 Shee) 2 ear ae 
7, 080 126) Sede cma cleeeee 3,570 25/2. = Bae 

580148) = See ie Bae Bie le eae 77, 355 917 | ya DU eee 
SETA 70084 N 7089932 aoe «ae enna LBV FOE) 1s, DUG) 22d aaa 

1985'730|| s: BN425 |e. ewe Ul Allee 5, 605 Pl aie ARES 
1, 200 Ey) eae PPMIOREE PP SMe RN O Mea eri ee a 

78555], - DESO: cans te sees 11, 300 120) 22.2 2s ee 
6, 250 1D5| Meese ee | sea 900} Slee etee Me {Peet alee 

376, 236) )  OUPET) A Tosen keh aoe. 25, 130) 2530. . du rae ORR 3 E 

5, 620 45, 205 5 
14,465]: 135]........ he aaa 
4) 780) 41) 3: SENET OIG 

265) ols oe | Gea 

38,652 364] 94,812) 2,364 

aabsc: bd LE aaa i 

20; 727,390} 10,811 
81| 2,050,285) 30, 023 
24| °105,115| 1,573 
25) 2,985 47 
57 8, 970 135 

Asl are 2,025) 35 
Te awe al ee 
6 2,315 34 

47| 493,470] 7, 522 8,845, 289 
202) 2,838,054) 41,784  45,915| 1,612 

99\" STROCSGOW.: DQevaO). oo sacsesektees eke 
1,133 3, 705 325 il 

1,653) 6,416,904] 94,757] 1,645,358) 56,565 

5 240 5 820, 31 
29 1, 600 23 3, 000 113 
17 2, 870 63 2) 900 141 
11). 760 re 575 3 
BOl2 MOMS Ba eee 115 5 
4 2,000 25 4,105 133 
4 300 Bae ote ee tian neo 

2 5, 400 ASS eyes S2ee 
15) eine eae: ee 550 
4 6, 490 STU eee Aten 

56) pFOL 290) ARBBLC denne oe 
ve NM EY Gs aOR: LY 

1,464) 296,556) 7,555 445 

1,803} 580,603; 14,991) 12,510 485 

6, 349]19, 856, 922) 395,371] 1,657,868] 57,050 719, 589 

186,842) 1,020} 970 24 

6,812] 95,782) 2,388 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922. 33 

Statement, by fishing grounds, of quantities and values of certain fishery products landed 
at Boston and Gloucester, Mass., and Portland, Me., by American fishing vessels during 

ip, the calendar year 1922—Continued. 

Hake. 

| ——— 

Haddock. 

nae Lae | Large (over 2} pounds). ends). 2 | Large (6 pounds and over). 
trips a xa . : ; ba 

Fresh. Salted. Fresh. Fresh. | Salted. 
— = | _ — — — 

LANDED AT | | | 
BOSTON | 

East of 66° W. 
longitude. 

H Pounds. | Value. |Pounds.| Value.|\Pounds.| Value.'!Pounds.| Value. Pounds.| Value- 
La Have Bank.) 
Western Bank.) 
Cape Shore.... 

West of 66° W. 
longitude. | 

Mrowns Bank. 289, 7,433,658) 249, 408)........|....... SDA, SIS 2 aN 2 vl Pes an) 
Peorges Bank.!  709/13,308, 265) 330, 041)......../....... 9, 000 DAD 5. tasce| cae tenn lots ete lone ee 
FippeniesBank! 1| 1,045 Ba see ou epseia| cic seat aieaia ome ical ere ain © eka eter ee Leet aaa 
Middle Bank... Oli) ADE O80) 715, 706/22 525 caleeeee ee 5, 460) 39] 138; 385)" ‘"S192|/no ee ee 
Platts Bank...) 4, 8, 280 pr Ee ee LS SR es oY Po Ree meee Y arte elite Te 3 
Jeffreys Ledge.| 159\, 839,650 38, 508|........]....... 276205 |e) Wit 35 | 205 OD| © ek B43 |e eee: ROR 
SouthChannel.| 674/24,978, 222] 709, 287)........|....-.. 119,100} 2,666} 67,960) 1,966)......../....-- a 
Nantucket. 

Shoals. ...... | 49] 2,005,590) 62,352)........]....... Sb, S00), « Agate sk eae Se t 
Off Highland | 

Tashi ee 1 4, 050 1 ane i ya | oR Ibo a A LE eee aia 4 
Off Chatham. ., DO pee tt |640 [eles 28,9821 tek. Sonn ce 920 18] 5,595 S21 eee 
Seal Island... 1 26, 400 
Shore, general.. 694) 361,131 

Total....| 2, 893/52, 664, 489 198, 425 jae AeA: 

LANDED AT | | a 
GLOUCESTER. 

East of 66° W. 
longitude. | 

aEaved erent!) 20), ,230, 896), 6 2, 156)... <5. .|seks soclowseece-|sc2clee 26,990} 268)... te Bethea 
Western Bank.| 81| 2,976,910] 29,574) 130,055 $2,710)........|....... 25,975, 653) 3,010} $35 
Quereau Bank. 24) 3,960 40 465 Wee oeer celscee ate 9, 730 98 205 & 
Green Bank... 25, 220 Dl eMail theta reese [ee eee cll Bo crsicete 4,155 54] 5, 950 104 
Grand Bank... DASA L sen [Soden nee s 310 Slacemctte ss scenes 4,555 45| 9, 735 152 
St Peters Bank! Decatee cece |smeese ioe 555 DIRE Semee apo ccs lan ceeein- st occcis [aaaeceee | aise eee el 
The Gully....- LY Be Pe Sco) poo cbobo 4) Beco saae aeaccee Se a6coe) Baeoe se 1, 850 UT oe oeeee es aan = 

West of 66° W.| 
longitude. 

Browns ank-|aeee7| S80; S40]! pe asnodl te err aie ot ae eg 14,900) 151 300 5 
Georges Bank.|/) 5202/75; 349: 130) Sade 828|ec ck nc clbocces. acc ceeclosccene 43, 825 450) 1,135 13 
South Channel. Pai 548; 820).« 16, 184). ccccc lnc ccccn 675 7| _ 8,330 oe Se el as 
Shore, general.| 1,133] 2,004,140} 57, 744|........|....-..|-..--...|..---0- 698, 345| 18,739] 1,615 2s 

Total....| 1,653/12, 453, 416| 162,922] 131,385) 2,736 675 7| 838,655] 20,556} 21,950) 342 

LANDED AT | 
PORTLAND. H 

East of 66° W.| 
* longitude. | | 
Western Bank. —29} 3,108,120| 59, 968|........ eerste: Deena: a A RT ed eit ad aa hg Ma z 

West of 66° W.| | | 
longitude. 

Browns Bank. 2 39, 630 TBO 2 daricie | ole ke nic 750 Be erate ara alee sere seine | eae ee 
Fippenies Bank 4 12, 275 LARS Eee ee el Ranta SF Bite c Le ane] ose 'eecielits clam ecinbosty. cae 
Platts Bank...} 56 91, 598 Ep I RR el RS” a 7, 885 65) 24,515 12,2] aes IA Sede: 
Jeffreys Ledge.| 174) 891,079} 41,749)......../....... 30, 883 216; 10,405 SOO Seale an tiaens 
Shore, general./ 1,464) 550,723) 29, 108|........|....-.. 13, 230 106; 5,280 97 300 5 

Total....| 1,803] 4,693,425] 137,911|........|....-.. 54,183} 399] 40,200) 1,162 300 5 
ahead Wet Ata egal at eet [ete boptiaL ae aici Per SROs ar 

Grand total 6, 349/69, 811, 330|1, 802, 403} 131,385) 2,736] 253,283) 4,261| 976,665) 25,048) 22,250 347 
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Statement, by fishing grounds, of quantities and values of certain fishery products landed 
at Boston and Gloucester, Mass., and Portland, Me., by American fishing vessels during 
the calendar year 1922—Continued. 

Hake—Continued. 

Num- Pollock. 

Fishing grounds. ey Small (under 6 pounds). 

trips 

Fresh. Salted. Fresh. Salted. 

LANDED AT BOSTON. 

East of 66° W. longitude. 
Pounds. | Value. |Pounds.| Value. | Pounds. | Value. |Pownds.| Value 

La Have Bank 28 8, 825 $12 10,495 S175) Ee 
Western Balen) Sa scoa. 73 11,345 241 168,385) 3,709 250 $5 
Quereau Bank......... Ex 25 500 35 290 CNS ee Sen 
Grandebanks 2. saucccoare ee 41 1, 500 36 70 A) 2 RG REE ee 
Cape Shore. 7 oe 36 265 5 11, 160 200) 2 FES 4 Oe 

West of 66° W. longitude. 

IBrOWNS Bank. wp cece cscs 289 39,505} 1,069).......-. a 424,400) 9,984).....2.|........ 
Georges Banks ees cose 709 DY, O50) Sil 223) |= oe isa e| ane asece BORG 281)" 14 GOO eee ae eee 
Cashes Banke soa ecccoueee 1 400) TO) e sees ae 3, 600 d2l 5 soe eal Su Hae 
Fippenies Bank........... bitten 3, 400) . Us Bie oes Mises 1, 030 6h Ue eee ere ga 
Middle Baik’. Joa55202 52 1G’ LSP AOTOLE: (By B40 oe ee See oe 24, 499 851) Sea Ere es 
PIAUISHDaD Kee eoecenicceneee 4 31, 520 AGT ss sss eee 3,105 OLE sce eee Lae Pes 
JOHTOYS 6d Peis o8c. cbeke BOI © “DBZ R071 e Ai OOGts =e ease yeas 250,600! | 6. G7. tae ae ee eet 
South Channel..-......... 674| 2,390,642) 43,588]......../....-..- 909) 040) 195s703|... steel be Seta 
Nantucket Shoals......... 49 46, 600) TGA sce tte k eee 35, 979 025|. eee Pose 
Off Highland Light.......- 1 2,400) A mes be chal eee es 800 ee ees le eye oe 
Of Chatham ste accc oho 1S 39 STOO" 2060] s: Lee e 2 eee 20, 883 77 | Waeseaespaa| ped 3 bo 
Sealislandeee ye si ed 1] Pee sera ene 4 ieee Sere Pe Seeman 200 Alt 2 Sse ee 
Shore, general............. 694 81,122) 2,619)  -1, 200 $36) 8527637) 20)/719). 522 3| eee 

| weet | 
Oval. oases cescwaee 2,893) 3,420,536] 68,107) 1,200 36, 3,415,801) 78,657 250 

LANDED AT GLOUCESTER. | 

East of 66° W. longitude. 

La Have Bank...........- D0)| Se ae LO eh Fees: ene ae ee Se 23, 095 209 125 3 
Western Bank..........-.. 3 1 Ee erate | Seen cas | hc eee eee [ee epee 126,440) 1,211] 32,060 636 
Quereau Bank............. DA Sten Be Ses FS Saal ly SRS eels bee oe 1,070 11 670 13 
GreentBanict ose ho ea p25) Re eee aes eae oe | WS he eee line re 204 3 
Grande Bam 2. e) 22.82 by NBA AG RSE eee Seto Doec GSE ood aes Sais tcc esse 4, 100 77 
St. Peters Banko. 2.320020 Be CN 2 eee I DN ee NO all 2). Ee ye oo 100 2 
Cape Shoresn.. 220.205 8 ere ae | be Sate | eee cee ee a 675 | 2.32 Erte eee 
Siz Annisupanikcs..) . 22 eee Lh 2 2S 2 ean eae ko ee [ezeetrca| seer 02 de dees alos aces - 3, 850 58 
Men ully ere k tenes e chase G2 ER eas SE | Ce a ge 110 1) 3,315) 65 

West of 66° W. longitude. 

SLOWS HANK ee se eee Uf Deere oan ee eee Pal ee pe HSS 37, 760 308} 1,145 18 
Georges;Bank....452..0024 DAVD || 3 URRRE RR ee RS SRE A Roce St |e coe 263,843} 2,503) 3,355 55 
South Channel............ 2D] ems RETRY lal as Phe aly a Lie oo eR OE Re 17, 875 174) 228 CASE) eee 
Shore, general. -..........- f L8S)seasttse lst a sulac adda 2 eee 587, 857| 22,757 80 2 

CEGUdl ts scisae soa eee HGS) 2 sb 2c ote at mie el eee sls a a sere ede ee eS 1,058,725) 27,181} 49,005 932 

LANDED AT PORTLAND. 

Fast of 66° W. longitude. 
ia) Have Bank 222525. 
Western Bank a 
Quereau Bank 
Greenibanle ya. eo ae 
Grands Banc) ssh seein 

West of 66° W. longitude. 
Browns Banks eset PR 2 8 0 Ra AR SE Oe ea ee 655 13) chalk se 
Georges Bank® .)2 32252) L..3 1 | a) oe ee 2 ee eee eet Ue 325 7|. Jesse | sees tie 
Fippenies Bank..-........ 4 10, 815 DQM 22 Leceratorl eis See to 6, 650 76). sbmteid2 oiteem sa 
Plabos sari keto o. so open 86) 163*BO5I) (2; 455) 22 Soot nepisene 49, 555 TBD) aco, =0 cee Eee 
DERTNGYS 2LCd PO) seen c- ceee AJA S8TSAOAI TOL ss pcter ok see LVS 786) 4)\016). - eBetieeesbiee 
Shore, general............. 1,464; 372,589) 7,192) 2,350 21; 241,623) 4,309 45 1 

TOU ot ae antes cee 1,803} 944,186) 17,621) 9,460 172} 573,259} 11,230 45 1 
[ee RY [a ——— ——— ——7 

Grand’ total- 2222-222 6,349) 4,364,672) 85,728) 10,660 208) 5,047,785) 117,068} 49,300 938 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922, 385 

Statement, by fishing grounds, of quantities and values of certain fishery products landed 

at Boston and Gloucester, Mass., and Portland, Me., by American fishing vessels during 

the calendar year 1922—Continued. 

Fishing grounds. 

LANDED AT BOSTON. 

East of 66° W. longitude. 

Cape Shore 
The Gully 

West of 66° W. longitude. 

Browns Bank 
Georges Bank 
GASheSIBANK...<ceeea:'s és, 
Fippenies Bank 
Middle Bank 
Piatis Bank. a ase3- 256 
Jeffreys Ledge 
South Channel 
Nantucket Shoals......... 
Off Highland Light 
Off Chatham 
Seal Island 
Shore, general 

LANDED AT GLOUCESTER. 

East of 66° W. longitude. 

La Have Bank 
Western Bank 
Quereau Bank 
Green Bank 

Cape Shore.............-.. 
The Gully 

West of 66° W. longitude. 

Browns Bank 
Georges Bank 
South Channel 
Shore, general 

LANDED AT PORTLAND. 

East of 66° W. longitude. 

La Have Bank 
Western Bank 
Quereau Bank 
Green Bank 

West of 66° W. longitude. 

Browns Bank........-.... 
Georges Bank. .........- 
Fippenies Bank 
Platts Bank. 2254. 2¢--58su- 
Jeffreys Ledge 
Shore, general 

Num- Cusk. Halibut. 

ber 
of 

trips Fresh. Salted. Fresh. Salted. 

Value. Pounds.) Value.| Pounds. | Value. |Pownds.| Value 
Td, Olo|| BLO, TAS | sen 2 2 ae 21 ate 

153; 458|) 26; S80) = 02-2) ee eee 
G825498|) 995, 160 |b ee eae eee 
186,349] (27,51 Se. we ce 

W371, OSL) 162 Tinie bce 
115, 440\7 15, T67)e eco ee ee 

869 jis | Soe ee et 
1204 |, POs 230 eeeee ey.) a seems 

289 B57 OL 8 OG02| or: oa [e 5 oe 244, O15] 43,1392 5222 ap) ~~ nee 
709 46,392 Staliec: #2) Ses sau 52 188; 2600/9115 Tolle: oe -.a}- eee ere 

1 2) 250 Mihi oh he bates. 610 a eeaseiae bee 
1 2,100 57) See eee ere 138 26 Pie ben wia-racees 

51 47, 530 7 Sots ot ee eae 3, 042 4 («a Bl ee 
4 27,145 DO eee y= he ee 255 DO c. cosh areeee 

1591; $196, S70)y\ 3,944} 3 oe ae oe 6, Sah nei eee ae 
674 116, 830 1 ELAS) (CRD ER | RE TTR ESA oes OUR ine esa) eee eer 
49 2,500 QO I Nate fe 2, 265 45 ben. 8 et lee eee 
1 Ye SS ihe ee ea ee © Pe ee es 90 Dad | ch eres dhe oi le sletatee ree 

39 8, 855 030). See Set 2, 849 Bisa tLe ee 
i 3,700 1 | ees eee | Coe SU)" ) eleastee. oe acee ee 

694 10, 020 TEP] SS al | See 28, 1600 3,470) hee enlace ee 

2893196; Gao, Seas eee esac. tec a, 948; 456/550. 735 dee ees ene oe 

| 

20 53,685 SL Obes Soe Spas eee see, SOEs UN. ste 60 $3 
81 112, 810 1,102 2,550) $51 180 7 3, 850 230 
| 17,725 214) 4,325 96 160 4 380 27 
25 2, 169 80} 2,480 48|  14,982| 2,624 310 28 
57 17,620 220} 12,855 STG 5 =o ae Oe races 6,495 376 

Eyl eee CIN pik all eS Slee aL De Se Fe SER a Se or 1,820 91 
18 2, 550 30 200 5 1,810 ABS te Sele eadeets 
6 3, 460) 40 2,085 BOE occ sae leealc oeia a] nate ae eels ean eeters 

47 129, 800 1,260) 3,485 5S PSs Paeeeee (etl (Pena e 190 17 
202 123, 950 1,219} 25,050 531 25,220) 3,693 2,601 148 
22 810 HO ieyevees ieee: apes eRe TS RR ore al ree er 

1, 133 1, 200) 1 ia 2 PR | jel ata AF eee ae Sled a etieh 2 | oe PA 

1,653 465,779 4,698) 53,030 1,196 42,352 6,781) 15.706 915 

5 7, 650) 1S: 3. Slee Setot 
29} 5, 065 (=) RE eS | eee 
17 3,600 Cb lara Were FS tswe Sot 
ll 3,490 CS ey OS eS ee 
BOS hc eel. Sec er eee eee Fae 
hE i Pe CE 245 bi 
S| ORES Ok CY CRISES ete aTAc.r 430; 632} (16, 546}. oo so22 2} eo. secte 

} 

2 2,730 PME «eek cts. ee 15, 507 APA (| aa ae Pree re ms 
15 2, 000 40 160 3 ES sOOSH LO; OOO. ca airs | =i arora 
4 6, 100 BObu toh soaks Rhsescds 752 WD oes wis lee sete 

56 98, 495 Deeb aie. cheeses 3,359 BOO fa siillre' cy « hareare's aS 3 
174 213, 205 Bs | aE I ee ee 5,176 Pe aks wets tal. wa ait ate 

1,464 188, 969 =| 7) 0°] a ae (Bee eee 7, 268 Sed Ee a es DE 

1, 803 531,304) 10, 233 405 Glas Gan ee eOeOl anes eisai cores 

6,349] 2,194,015) 33,348) 53,435 1,204) 5, 608, 443) 783,142) 15,706 915 



36 U. S. BUREAU OF FISHERIES. 

Statement, by fishing grounds, of quantities and values of certain fishery products landed 
at Boston and Gloucester, Mass., and Portland, Me., by American fishing vessels during 
the calendar year 1922—Continued. 

Ne Mackerel. | Miscellaneous. 
| 

Fishing grounds. ver = = 
trips. Fresh. Salted. Fresh. Salted. 

i ae Tha mam Hy ati | 

LANDED AT BOSTON. | 
| 

East of 66° W. longitude. | 
Pounds. | Value. |Pounds.| Value.) Pounds. | Value. | Pounds. | Value. 

La Have Bank............ BEG koemsoode feceeneaaliamone ele ee mes 1,376 S156) See e ee ene ee 
Western Bank............. [Bi posnceoer oboosobd Pode sshal encocs | 21, 558 SE SSE ba ue beoes 
QuereanBanks.eoecece eens | ements adie ol silaatesioe [eecoeminatemiaenens 601 Uileamsss bee 4|Senag- 
Grand: Banke: erase peer fe eS RA Se eho sbdlecoohaodlcudsces | 6, 524 OO Searels | urate ens 
Off Newfoundland........- Pd Rp One abe ober seenenee Sato see 1-410, 000) 20,500|...-------|-.2225- 
@ape' Shores. 2-0 3o-s---cne 36| 879, 235) $68, 282} 64,400) $4,019 SAT SOON States semen 
Gulf of St. Lawrence....... 3 aS Ge) agnorces oon sess jooonadesnd bobo sed boonbosbsalbcScnas 

West of 66° W. longitude. | | | | 

Browns/bankosjecc ce ss. 2 289! ccc seks cueweceees 
Georges Bank...... 7G eaehete ee 
Middle Bank....... 51 63, 090) 
Jefireys Ledge............- 159} 177, 655) 
South Channel............ 674 573) 
Nantucket Shoals.......... 49) 19,100, 
Of CHathanion = see aossene 39 19, 545 
Shore, general............- 694) 1,646, 697 

Totaiesaeiee cone 2, 893) 2, 871, 000 

LANDED AT GLOUCESTER. 

East of 66° W. longitude. 

Off Newfoundland......... Glide terse biretaccarete AE. UEDA ao at iets 11,892,420 | 56,355 
ane Shor6esce ee accctecae 18 62100)" 326952945 890/820" 557 Sse teteaccleee ene cl enmereee sclesesees 
Gulf of St. Lawrence...... G) eerie ee alone TES) REY) acc coned lonbascedbbiacccechd jseaciooc 

West of 66° W. longitude. | 

Shore, general.........---- 1,195). & 919,445) 8 38 Me TOs NR) OM tea 

Batali e: soe <ie'</sae 1,653] 374,545) 27, 166) 370,555] 32,029)..........].-.....- 1, 892, 420) 56,355 

LANDED AT PORTLAND. 

East of 66° W. longitude. 

La Have Bank............ BS Sescdsene lbangcocn jogasoson 2 1,705 Q5Gl eo ccemedslecmeee 
Wirestern Bank... 7-0 --5-.55 P| ecig 66 Shoe |socbeS se lssose sols ZA, G43) S25) ena occ see seers 
Quereau Bank.........---. 17|----.-.006 Ioataaac Heinlein sie'= 1, 594) 193 495 41 
GreentBanks: 2: ih 20. ise Bl eadecindage t eetciontcrs scm aeis 783) 1G) eer erce| Gaede 
Grand Bank::..--.---<.<s¢ WU eSecbaccceloodcadac/|cosscese 503) elocameecark jackitess 
Cape shoresicds sence 8 168,566 8,105) 14,285 8, 274) Goats Jakes a eee 

West of 66° W. longitude. 

Browns Bank...........-- Ol skiecciaca dlewenrsacalemsemnta ay santos 200 10) pees PAs 2 
Georges Bank.........-..- 15) 393 Si Soap SoselSossbse 134,385} 15, 838)..........|......- 
IRIAtis Bankes se) wee seae Of eeaw sees casos aa eles eeretotel inital ates 330 Gl aac eee biskches= 
Jeffreys Ledge..........-.- 174 893 I Bano g5 oclloonence 21, 832 B28) 5a See es easere 
Shore, general..-.........- 1,464; 850,970) 21,669) 10,140 406| 2,151,834) 22, 857, sees Se eee 

Potalye se sees mescsee 1, 803 1,020, 822} 29,983) 24,425) 1,250) 2,346,088) 42, 930) 495) 41 

Grand total.......... 6,349 4, 266, 367| 239, 111| 460,380 37,388] 9, 493,035, 639,339 1,936,515) 57, 469 

1 Herring. Other items under “Miscellaneous” include bluebacks, 90,300 pounds, value $760; bonito; 
50 pounds, value $5; butterfish, 44,416 pounds, value $3,172; flounders, 3,281,327 pounds, value $134,749, 
herring, 341,934 pounds, value $4,299; menhaden, 1,699,600 pounds, value $16,888; rosefish, 18,970 pounds, 
value $473: shad, 540 pounds, value $55; sharks, 8,203 pounds, value $153; skates, 1,150 pounds, value $20; 
smelt, 3,973 pounds, value $347; sturgeon, 1,050 pounds, value $207; swordfish, 3,281,748 pounds, value 
$447,016; wolffish, 209,422 pounds, value $3,705; lobster, 107 pounds, value $27; livers, 1,650 pounds, value 
$21; spawn, fresh, 98,595 pounds, value $6,942; spawn, salted, 43,600 pounds, value $1,073; and tongues, 
salted, 495 pounds, value $41. 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922. 37 

Statement, by fishing grounds, of quantities and values of certain fishery products landed 
at Boston and Gloucester, Mass., and Portland, Me., by American fishing vessels during 
the calendar year 1922—Continued. 

| 

Num-| Total. 

Fishing grounds. her | = Grand total. 

trips.) Fresh. Salted. 

| a 

LANDED AT BOSTON. 

East of 66° W. longitude. Pounds. | Value. | Pounds.| Value. | Pounds. | Value. 
UE GM tel Cea 28) ce BA SER! ie | ee oe ee. 867,111} $33,094 
‘Westem Bankscek 2... caskcs. 73| 4,744,869) 149,819 21, 000 $731) 4,765,869} 150,550 
GQrrareay Hank:. -..5 55522. 658... 25 748, 949 98, 016 3, 000 105 751, 949 98, 121 
Green Banks -..-.csstsdestesss 6 199, 949 ZS tLe cacao | ssien secs = 199, 949 28,191 
Grand: Banke <2 22.2. .348.82...- 41; 1,390,775) 164,384 5, 000 175} 1,395,775) 164,559 
De. POtersibank.< 2. 48h Ss cc: 3 115, 440 LO OU Pee cictise pea atences 2 115, 440 15, 167 
Off Newfoundland.............. 2 410, 000 205 S00 Seas se .rctaell ein ee sae 410, 000 20, 500 
Cape Shore. . Py a4 36) 1, 233, 753 78, 918 64, 400 4,019 1,298, 153 82, 937 
Gulf of St. Lawrence...........- 3 65, 105 Ey SCO pacer citaaleec cee oes 65, 105 7,979 
Phe Galiy 22.0. .5.058 Ase. EO Oc ae Ce (21 a NA 121}634| 16) 764 

West of 66° W. longitude. | 

Browns Bank............-.+---- 289 16,170,363] 551,234) 2,000 70| 16,172,363} 551,304 
apn eee at Be sbcssneesenee ses a 31, er a 1,300, s 51,300 1,424) 31,193,670) 1,302, 162 
MASNOS BAN ees soescascoass wewcien | 5 16,3) 
inpenies (Bank: : ..2225) 25... 1 18, 513 488 
“eS Si Se a 51 914,556] 35,302 
Pinhtaseiics esos oes ccd cates 4 89, 635 i 
Jeffrays Ledge... ss 6ciccnccc seek 159 2,483,990) 102, 367 
migithi Chatinel co 208. os. 674 35, 670,775| 1,062, 611 

2,512,273| ' 84,320 
9,315 292| 

1,085,414) 41, 983). 
41; 630 1, 215)... 

5,979,424) 217,696 

| 106, 032, 203 4,013,211) 158, 200 6, 894) 106, 190, 403] 4, 020, 105 

LANDED AT GLOUCESTER. Wi A 
East of 66° W. longitude. 

Eat Hnveean ke. cco ctio cee 20| 1, 962, 146 31, 792 83, 100 3,292) 2,045, 246 35, 084 
Western Bank.. Ry, gl 7 783, 492 111, 664 2, 202, 940 80, 166| 9, 986, 432| 191,830 
MOLGAt al Kaw scsccoademcan'anc 85, 2,515 12, 975 17, 505 

Green Bank.........-.--+...... 25 63,131] 3,722] 152,085 5,538] 215,216, 9 260 
Grand Bank. ....... 50.8.... 57 170, 120 3,209] 1,128,815} 41,633) 1,298/935| 44) 342 

pai cimdinrd er et fee he 1, 8021490] 50355 1,802,490] 56° Se5 
Cape Shore................-....| 18] 84,215] 4,502) "311;815| 21,365| "396, 030 25,957 
Gulf of St. Lawrence............ Giser S sae os cate tens 75, 665 11, 472 75, 665 11, 472 
Be Anna Banke... ...022.:5.02. 1 ae ea 207,195) 6,372, —«-207,195| «6, 372 
pEhie Guliywee £6 et eee 6 22, 895 389) 42,425 1,342 65, 320 1,731 

W. of 66° W. longitude. 
rows Hanks... 3.6 Ssh 352.8 47) 1,636, 820 24, 438 62, 300 2,234) 1,699, 120 26, 672 
Georges Bank...............--- 202) 11,040,998) 150,983} 458,321) 17,683) 11,499,319] 168, 666 
South Channel................. OPS 1,840 cion| OD, Thdl- os. |cveece ees 1,840; 425, 20,764 
Shore, General soc sce. osac esses 1,133) 5,496,785) 181, 132 3, 565 104) 5,500,350} 181, 236 

Rinks sestedd 3 1,653: 30,395,617] 537, 675| 7,355,606, 275,678| 37,751,223| 813,353 

LANDED AT PORTLAND. | 
East of 66° W. longitude. 

La Have Bank........ eee 5| 124,595} 16,969} 10, 285 433) 134,880| 17, 402 
aa Bank.. ae ee 2 4, 718, 627 120, 373 39, 810 1, 530 4, 758, 437|  121)912 
merean Bank::.. 22. ces.ch. i 5) 470, 474 58, 852 

3 TT aS eae 11 314,945] 427739] 16, 125 "629 331,070] 43, 368 
PrtenG AN es ue ccene tes ceeck 10 265, 231 35, 504 14, 555 613 279, 786 36,117 
Bho Cbcls Dalk-+..c-ccesscnc ss 4 84, 749 12,013 13, 670 488 98, 419 12, 501 
re St 8 176, 840 9,060, 14, 285) 844 191, 125 9) 904 
JTW EL 1 es ee ie ie 4 rh se CALs] Ta 133,772| 16,608 

West of 66° W. longitude. 

Browns Barks. 255. ose os: — 70, 372 APOGND. Ase oe ee Aaa 70, 372 4, 283 
Georges Bank...-............-- 15 214,876] 26,122, 3, 965 165 218,841] 26, 287 
Fippenies Bank...............- 4 55, 532 ‘My ss) bint Raa aE cee a 55, 532 1, 753 
Platts Bank. <...25325.-.0402 56 GUOSINGIe 17, 725) Seacer ee IS lec 610,166] 17,725 
Jeffreys Ledge........-----..--. Pe trae) 2,234 BAN) 78, 883).225052...|....--.- 02 | 2,234°867| 78, 883 
Shore, general......0.s0.-ce00s- 1,464] 6,321,104) 185,962) 24, 920) 917| 6,346,024 186,879 

| eee i 0 1,803} 15,761,770) 625,289 171,995] 7,185) 15,933,765] 632,474 

Grand total...............| 6,349] 152, 189, 590] 5,176,175) 7,685,801) 289,757) 159, 875, 391| 5, 465, 932 



38 U. S. BUREAU OF FISHERIES. 

Statement, by months, of quantities and values of certain fishery products landed at Boston 
and Gloucester, Mass., and Portland, Me., by American fishing vessels during the 
year 1922. 

| Cod. 

Num- 
Months. ber of Large (10 pounds and over). 

trips. 

Fresh. Salted. 

ee eee en Pounds. Value. Pounds. Value. 
SUUMIATY eseae chee oe es ce oe eee ee ee 158 521, 773 $40, B05 lc ccc LOTR Ie 
TNS] 0 ADE e/a Pe ae rey by os ee 228] 2,042,393 LEPRSSP] IS Aare iol Ihe ee 
Maken) eGo A ee A eR ae ee 239} 2,951, 045 73, 694 17, 000 $595: 
PARTXBUL ceases IP co ly gos oS ee ea 238} 1, 900, 605 55, 959 3, 000: 105. 

Vie. os) ON tee SUE s sot eee eae ee se 261) 1,572,600 56,436 nuisance nee 
perro er Sten ks Me. Re ele oo aed Weal 232} 1,594,337 63, 624 10, 000 350 
LUG esr ME ee ee aS Ieee eee ae 296 1, 231, 524 56, 315 12, 750 446 
test | EE oo toa ss ened sloetar causal 272| 1,466, 591 71,360 | owicronewecn PE Ue 
September 256 1, 413, 465 S82 |a steps ase yel| raat rc 
Octoberemeee. su tee 242) 1,123,724 59, 473 5, 000 175, 
November 286| 1, 018, 607 5A 474 nee al a 
December see. HORSE. Ss Me a eR 185) 881, 633 ES UORE 3 eget) ee ree 

MPOCHEM At sss dagasacewicecesnwutees co 2,893} 17,718, 297 719,118 47, 750 1,671 

LANDED AT GLOUCESTER. 

PATIL AT Yh ears Goran Rss cc eeidis om ce See ee we ee ae ers 111 23, 370 931 805, 24 
PC RUSTY crane rete oe cide once oe none ae senate 79 165, 040 4, 225 28, 420 977 
Mtarch)-saseer se. a PR ia Ye ro) eS Se he 371) 1, 633, 893 34, 125 90, 245 3, 237 
J.0) Oy nh es eel eee Oe ER pags De eee ee are 191 717, 864 15, 154 120, 545) 4, 366 

DY w Shaper un el Shectice cccsedenca sec cctrie 2a 59 597, 921 11, 955 207, 530 8, 197 
SENG eos sete Ct tao eden s occas ies co eee ie 76| 1, 247, 155 24, 878 512, 315 19,319 
Niilivet eee Me Seka wee cs EUS eA 59 904, 015 17, 483 440,980} 17,342 
PAUISUISCE Lens. sone ius cscs oases aes Ree. pedo ars 75} 1,019, 278 19, 886 860, 465 34, 412 
[Step OLEH 001] OY s) oy Nee nn te LATOR Celtel NIE eats 72 584, 590 11, 927 448, 055 18, 813. 
October 184 751, 875 20, 750 353, 185 14, 752 
November 234 815, 485 23,179 17, 205 715 
December 142 245, 428 8, 750! 1, 635 90 

Total 1,653] 8, 705, 914 193, 243} 3,081,385) 122,244 - 

January 129 104, 169 85697). ~ <ccccen see eto ne 
February 136 132, 806 G5 ELS |. cecies Sate ee ees ctr 
MMargh': Jae. DRE Sone 127 669, 622 1A 128). Ses SLUNG 25.86 t 
April... 162 392, 959 8, 966 365 14 
Beara Hae! eipaa Se BS ONE yy 208! 623, 029 15, 234 25, 425 1, 001 
Sia yo 2 ae Yea eo ee! 2 7b i ~ Se c 193 | 348, 866 33, 850 21, 580 844 
BTL ys Ce a PE 2 cd RAN Rp 241| 294, 654 13, 123 5, 090 179 
PATI S TS bce eee eae eh SEE a ae ean 169 193, 678 9,.553 17, 085) 735 
SISOS OS iL SRR ee cats Me Ara Ve pe Rules Sa lace 150, 138, 550 5, 806 15, 350 629 
Metober= iy Me We ae SER. oR ae 129 91, 664 4,918 25, 565 1, 086. 
INbvem Dery e say 2k. Sa. SS ee ee 97 111, 972 (HY BY| ese seere | acacia 
SCemibe Rye Aa se A) ASF a teesoe nee ioe 62 71, 304 5, 063 12, 925 711 

180 7 eames hey sraiienReieEra rae easels ink 1, 803 3, 178, 273 132, 183, 123, 385 5, 199 

Granditotaless. 2237s ees Se 6,349' 29,597,484; 1,044,544) 3,252,520} 129,114 

Grounds east of 66° W. longitude...............- 558 ~—-7, 066, 806 179,473, 2,789,155} 110,613 
Grounds west of 66° W. longitude............... 5,791; 22, 530, 684 865, 071 463, 365 18, 501 
Manded' at Boston in'162¥.-5 92. Fa A ee 3,078 19, 439, 796 815, 904 23, 110) 896 
Landed at Gloucester in 1921... -.2..5......22.0. 2,073 7,777,379 188,094) 3,438,992} 143, 488 
Banded att Portland in l92t se ee ae 2, 055. 2, 345, 199 92,116) 213, 931 10, 097 

2 i ] ? 

\ 

a ee 
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Statement, by months, of quantities and values of certain fishery products landed at Boston 
and Gloucester, Mass., and Portland, Me., by American fishing i during the 
year 1922—Continued. 

Months. 

LANDED AT BOSTON. 

PALUPSISG OE Gap ceerse casa eke 
Sty Oo 0) 0 ee a 
Oetobert.< 56-09... A 

LANDED AT GLOUCESTER. 

ISO eee ae rr Pe a 
ee: Se ae ee ee 
March .. 

lonpibudes<. 262 22242 -.: 
Grounds west of 66° W. 

longitude... < <222<s522: 
Landed at Boston in 1921. 
eee at Gloucester in 

Landed at Portland in 1921.) 

Cod—Continued. 

sae ck Meat d d over 2 2 Lal arket e: eee Overcs Serod (1 to 24 pounds). 

trips 
i} 

Fresh. Salted. Fresh. Salted. 

Pounds. | Value. | Pounds. | Value. |Pounds.| Value. |Pownds.| Value. 
158} 595, 702| $21, 442}.......22.].-.2.-- SPASBON -S14591 |e Sl cee 
228 GFO;FOS2) 18, 483) 2.2). Semen 58, 795 646) 2 .crarctrarave Notes 
939] |. 950198] 15 10S). ee NL 16, 740 Ps ey Re LS 
238) | B6aHel3! 16.880). cn cucem eters =< 32, 540 EL jocasol s See 
361) 158745795) 25,033)... cee ee 54, 490 913 | corre no ER 
2391 S286) 719.25, SAD a) Kone pee eee 37, 860 DAS crrrrehe| Sad See 
26|: 1, 280459) QDI e i ccoweeupeewes << 42, 345 73 | eee ene 
Dia| L040, O25)» Ba, A400) cociwcrniccen Pees = = 30, 540 PANY) | SE EO 228 
SiG) 1181 ASS | 17070) 8 5,oacc peek - - 34, 375 BOI i n1t5| SRE 
AA2|. 1, SSAPATS) $3, :789) 2 Sa nisacfrae ee 28, 365 308 ))..110 SSS eS. 
200) 1,038,969) 24,627)... 2 oS 22, 335 262) aissree wre Se 
TGs“ SIDPSSA 92-174) SR | 47,880 663). 5.5.ce ere. 

SS | a ee ee eee eee 
2, 803/12, 859, 415| 285, 623|.......--.[..-.---- 494,095} 5498).0.5255 closes 

111) 8, 465 85 4, 440 $111 900 5 500 $8 
79) 9, 820 126 2, 495 61 200 2 105 2 

735 (Wee essa ti? 8 
4,255 34 657 13 
5, 055 5O |: detec) See, 
6, 265 62| 14,890 372 

34) 32,080 309 
gi; 4,840 86 

4 53 
10|ccioc. tebe. 

364| 94,812) 2,364 
f 

136| 73, 467 VAG 3D | 9E oesee aN tna | 33,504 
Mee hfs ae aa a ae | 14,969 
tee). tepnaae) 1 1606) .) 5s Re te | 13, 945 
Dial -2eRERAL 446]. se, as 2: | 8,952 
193 24,324 497 4,955 163, 4,085 
ai) | cdasep|’ | agli se dese et | esa 3B 
169, 13,74) 452 115 5 2,996 
150|  19,583| 551 575 23, 3,645 
129} 50,510| 1,237| 3, 820 144) 11,145 
Wi;  SEGS0O) 12, 7621.2. os. Wee oe = | 30,740 
62) 70,116, 2,175 3, 045 150 16,560 

| 1 | 
1 

| 1,803, 580, 603 14, 991) 12, 510) 485) 186, 842| 1,020 970) 24 

57,050) 719,589) 6,812} 95,782) 2,388 
| 

i) 

| 6,349 19, 856, 922) 395, 371| 1,657, 868 

| 558 3,880,998) 61,670) 1,601,788) 55,099 37, 402 316] 95,107) 2,373 

| 5,791.15, 975, 924| 333,701] 56,080, 1,951) 682,187] 6,496] 675 15 
“| 3, 078 12, 256, 004| 316,372| 6,995) 210] 613,115] -5,621|........|........ 

| 2,073) 4, 230, 836) 68, 002) 1,594,449) 59, 406 75, 060 651) 107,265) 2, 435 
rs 05 55) if 014, 395) 24, 573 23, 351 765; 354,462) 2,124 675 13 



40 U. 8S. BUREAU OF FISHERIES. 

Statement, by months, of quantities and values of certain fishery products landed at Boston 
and Gloucester, Mass., and Portland 
year 1922—Continued. 

‘ 

, Me., by American fishing vessels during the 

Haddock. Hake. 

Num- 
9 

Months. be Large (over 24 pounds). i peacrinen Large (6 pounds and over). 
trips. 

Fresh. Salted. Fresh. Fresh. Salted. 

LANDED AT 
BOSTON. | 

Pounds. | Value. |Pounds.| Value.|Pounds.| Value.|Pounds.| Value.|Pounds.| Value. 
158} 3,816,020) $206,615 
228) 5,846,805] 165, 892 
239] 5,321,155] 87,991 
238| 3,619,533) 108,495 
261) 4,346,375) 104,552 
232| 3,310,782) 82,915]. 
296| 3,191,784} 81, 414 
272) 3,846,315] 82,979 
256) 4,462,830! 88,939 
242) 4,793,130) 144,685 : 
286| 5,252,935] 174,019|........|...---- 53,370| 950) 35,705 25). ae Bel [eee 

December..... 185) 4, 856, 825] . 173, 074)........|..-... 104,870) 1,951) 10,785 338 ae ce as al eae 

Total. ...| 2, 893/52, 664, 489/1, 501, 570|........|.....-. 198,425} 3,855| 97,810) 3,330)........|..-.... 

LANDED AT 
GLOUCESTER. 

JANUALY,.A.i05< 111 17,070 1 L288 RE a s| ABS. eee ee 2,515 200) oe Scies onion eee 
February...... 79| 202,825 A[326| SL ES. | PSE ys pee es 2,810 126) 252505. eee 
Marchi kos ccc 311131070;935| dibs! 058] Pesca -2| a see ne eee onthe 935 9 175 $83 
eAtpril ae ee LOL S59 155) eal 14 SOG | NUS es LER el SRR ae 6,720 55) = 2, 040 34 
Mery a natin Oe 59], 15185840 leit SSAib rh Oe 21 AREER Nea aN PAD otek 2,960 27 875 10 
TUNEL: Wh 76 |) AS58351) My SCRSS ie RNS SS Mie ey een ee 890 7| 1,230 18 
Hah guest eng 59] 1,663, 735| 16,929] 54,215] $813/........|....... 8, 810 80} 3,180 47 
ATI OUISH SS: ee 75) 1,750,250! 17,896 135 675 7| 38,720 769| 4,130 57 
September..... 72) 1,655,795| 16,548 55 
October....... 184; 797, 550 7, 976 95 
November..... 234) 124,975 23 
December..... 142 91, 835 

Total....| 1,653/12, 453, 416 

LANDED AT | 
PORTLAND, 

January....... 12915) Aldo 252|)), TL 280 lene ices see 2, 290 18) plt55 O82 esol oases 
February...... 136)" SG51153)) iy 25,665|ce ee cea aceeeee 6, 857 68) 2,030) QO) ct he tere hata 
Marche 2:0...) 127) 19939) S815) 29) 774lNeeten ol 3,773 24 220 70 a 
PMpribsate tc. cok 162) 1040 B52 n 247273| One clear all sees 1,505 O27 Ol ed 02| Gees | Sa eeee 
Maye cassie nce 208; 960,189 IDS 67G6ICEE css). PHS eR alee ee 385 i 300 5 
JUNOBcteaccece 193 14,014 QOS ie 8 cos sere 845 15 PA|t] er [eros sal isee aie 
Itlypecsee ee te DAA 20) O58! eh 11727 |e ee | San 2, 688 OO eee roel erence al bmn 
August........ | 169} 14,284 75Q | ckeda: | aaea ea 1,750 18 575 rf Pane I Sa SC 
September..... 150 32, 802 1668 ee Or oe l, 770 13 1,650: BS a acaaseelnoouens 
October....... 129 52, 708 Dit SA 7 | onettelhilarie ainda net 4, 893 29} 8,720 206 | ce Soren leinterenie oi 
November..... 97 174, 249 LO) 288] Pe ee 16, 927 108! 3,050 42) os see Sel 
December. .... 62} 140,349 SxO50 Se nee 10, 885 68 415 HRB Eepans OS8e bce 

Total....|1,803 | 4,693,425| 137,911|....2...|...-:-- 54,183] 399] 40,200] 1,162 300 5 

Grand 
total..-| 6, 349/69, 811, 330|1, 802, 403) 131,385) 2,786] 253,283) 4,261) 976,665} 25,048) 22, 250 347 

(eS + SS | Se | el ———— 

Grounds east | 
of 66° W. lon- | 
gitude....... 558| 8,842,584] 147,049] 131,385| 2,736]........|....... 73,255| 1,132) 18,900) 296 

Grounds west 
of 66° W. lon- 
Piindel ae aes 5, 79160, 968, 746|1, 655, 354|........|....... 253,283) 4,261] 903,410} 23,916, 3,350 51 

Landed at Bos- | | 
ton in 1921...| 3, 078|55, 220, 576|1, 730, 948)........ jibes 21,150,  408| 485, 164) 16,054/........|....... 

Landed at 
Gloucester in | ts 
1921 oon | 2,073] 9,212,239] 201,898] 15,290)  182|....--_.|......- 591, 864] 17,807| 41,973; 759 

Landed at 
Portland in | 
ah ee 2,055] 2,934,042) 112,607).....2..|......- 9,412 127} 59,734) 1,619 260 6 

‘ 

q 

; 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922, 4] 

Statement, by months, of quantities and values of certain fishery products landed at Boston 
and Gloucester, Mass. , and Portland, Me., by American fishing vessels during the 
year 1922—Continued. 

| 
| Hake—Continued. 

|Num- = Pollock 

Months. Pe | Small (under 6 pounds). 

‘trips. | 

| Fresh. Salted. Fresh. Salted. 
| 

| | 

LANDED AT BOSTON. | 
Pounds. | Value. |Pouwnds.| Value. | Pounds. | Value. |Pounds.| Value. 

FANURTY ewes cokes ae 158 O7 Sober oS), Ololbe es. ose eee = 94, 909) 
WeDruary.. ca. se< he. 1 M2281). 180; 640), 004, 7820524 eee oe 93,949 
Math tS oacrce eee te see 239 Oi Shp vhu8, 22a|tea. + sme peeteees 99,111 
FANON Eo craiete Rew cieecote hye 6238 172;520)5. 3}, 138|be. ..-: eee. 154, 218 
5 Ny ae ae 2 ee Pez! .o1O5"955|.6.2) 238s. ae | 217,054 
AIG eee en ere since cose ee 232 150,739) 3,394 1, 200 $36} 228,378) 
TL coe oe eeeee sees ee 206). 2222):778)|. Lo; OO2hea osc colMeect sok 374, 874} 
PATI RUSTE ees Sees: Te 272) .196s 762). 4860s _: NE Gere 417, 858 
SOP LOM Del s= cee. coast tereoo|| +425) 010). (GE 1Tos|es 8: | SIRO eas 407, 925 
Geropere asset ese eames 516, 928|+2: 103480) Hoos a8 So tee cies 523, 135) 
NOVEM ber. osu sas ees juee2so| 2, Ol7 300). 12) 2048) Feoe! sie ere 2 383, 820 
Decembersst 22252 es _ 185 287; 220 OF O54 ee eeu 3| boas ee 420, 570 

Totals ere ee 2,893] 3,420,536) 68,107] 1,200 36| 3,415, 801 

LANDED AT GLOUCESTER. 

LUGUR Cy Gee eee eee | PUD So SSSA eee s IES sce SBR Pee SS 279,840) 14,719 240 4 
1 EU ofc 0 Pg ee a et | (1 | WR || eR || ea] eS 12, 000 6. 190 3 
AGN ROA See ABH STL ea cn caleraee cule ence sea loeatee a 28, 750) 215| _ 3,,720 72 

33, 595) 280| 1,340 20 
24, 840 232 1,365 21 
39, 648 334) 5, 085 17 

J 58,375 510} 7,405 145 
JAUYS5R) 9 a eee pees tes ac papatat Pmrarare ce cied eaayarane ane eae eater 84,945 849, 8,420 148 
september soos oet 2. 25. A OA pire oe GIR oe PU aie. || Mi 144,065} 1,450} 17,485 366 
WPLODEREe se tes ae ee 1 oo | esis 4 eee ad Race eIoe eres 75, 560 743) 3,755 76 
INO VEMTOtsc coasts totecc ae Zoe Be ciate din alee ketene) eats ca] S aaecte 9,185 7 eee ies tee ees ae 
Dace eres se Se Sse Se Ee ee oreo lagen oriaid Ge Re ea nbenase DOG O22 Ne Wl \OOB ak cieeeras| neta 

aL A3 | 271 Vag aaa eg pal OER ME GSS sea ee ok soe ae alee aoc ameeae 1,058,725) 27,181) 49,005 932 

LANDED AT PORTLAND. 

WARUATY 3.050 stee setae 129 (L466 |e aoe ooelesn ss calenatecoe 62,731 ZO Soe ome ee ae 
INEDIUALY occ ccee ease cee 136 94 21h ar 2 O20Ee eee OR Sa Ek OS SO7Ly 622 7000 acca Salle tees 
archon es eo 3e 127 |e ee Sonia 1 50S ee LOL PIG). QoS ence ele 
TN Sst hee eee tales Lae TT 162| 33, 043 CO Sin ins ea 97,517 
11 eae ee cS Ai 208 35, 663 p35) ee | SS 11, 893 
THe Sasa s ee ee | 193] 21,680 254) 2,240 19 14, 819 
Tit ae ae, | ae Sa 241| 35, 102 433] 1, 255 19) 33,707 
PARISUIRG ors te OE oe sc cee | 169 46, 626 685 55 1 31, 466 
September 150 60,799} 1,049]........ ese oe 35, 356 
October 222s 129} 104,370! 1,789} 5,800 131) 54,011 
November D7) 25 TEbIOe S47olhs Mande 70, 523 
Mecembers = 24a | 62 87, 521 1, 808 110) 2 36, 049 

Poraleee: ee Es 1,803} 944,136) 17,621) 9,460 172| 573,259) 11,2380 45 1 

Grand total.......... 6,349) 4,364,672) 85,728) 10,660 208) 5,047,785) 117,068) 49,300 938 

Grounds east of 66° W. lon- 
Site... oe 558 32, 100 539} 7,110 151; 440,455) 7,602) 44,675 862 

Grounds west of 66° W. 
douRItHGe Se: ose o ee | 5,791) 4,332,572| 85,189} 3, 550) 57| 4,607,330] 109,466) 4,625 76 

Landed at Boston in 1921. .| 3, 078 2; 474, 738) 2) 54, SOR) 2 cise omra| os aie'sb sin 2s TAS ZIG MGT Dal laa tecteenleeeeocete 
a at Gloucester in 

ok pe rie BOTS eee ee eee eee seal ae nes eS doo Osl BS easiN 48,307, 831 
Landed at Portland in 1921. 12; 0na) 1882, 570) 218, /400| Genin teenie ce ciioae 715,398] 12,854 3,685 82 

} 



42 U. S. BUREAU OF FISHERIES. 

Statement, by months, of quantities and values of certain fishery products landed at Boston 
and Gloucester, Mass., and Portland, Me., by American fishing vessels during the 
year 1922—Continued. 

Num- Cusk. Halibut. 

Months. bet | 
trips. Fresh. Salted. | Fresh. Salted. 

LANDED AT BOSTON. 
Pounds. | Value. |Pounds.| Value. | Pounds. | Value. |Pounds.| Value. 

de ay once eee ee er eee eens 1 5S me re $2, in scecetes|eseeeeee | Be Ba ve aE sceceres|eceeeeee 
BDTUAT Yenc cleo oe Besos 228 44 PEATE BE Ae oa esehonee 18; 4 hoe seer 24 io Ocoee 

Miki teds wad. 3 B50) | 5163, ASB) BBO sacs bos lode | \aggiyopl:, 76 O55) 105 _. Hiemmmnens 
AGTH ce Woke, 82. 938| ABT 0205) 1 S05 ides. ioe. 28. B26, 849)) 57 171. os lees 
ue dae Reisiaiciiettntctet sce mete 261 97 A45N i TODS 5 Sait ee BE Te 479, yo o on a cieee soiehmetiens: 
ITO es re ae 932} 33, 520 EAN Fs a 395; 476|) 56: 843l oc 125) leo: 

‘hice oe 3 Bae 296| 35,407 BOSE 0. 5. Me eee B145356|, 168, 2iiloeence elem 
AMEHSE oo. cs ooo 272| 57, 905 VOBRG 6... AMMA e 549 O87)! 67, 383|-.0cs. cele aad 
September...........------ 256| 45,790 ice | die ae ee 404, 696| 59, 709|........|....---- 
Mctoberke.....s0ehet.2 ae 949| 119,802), 1 -73hea a. Mee eee. 25), G20); 39, 931|-. = | oa 
Movember \sSiatelero optebisis «hae 286 895145) 3. 1, BORE A. eal bene | 47,091) 11, ag aetesiecel sesmediae 
acember. .cacc) Beh... uke 185| 159,085] 2,592)........|........ 29: G60)s, 83692)... a keloneraee 

Ce ee) ee fee Se ete ete eed St 

Total -i.jcbhseeeks soe 2, 893) 1,196,932) 18, 417).......-|..... ---! 3, 948, 456) 550, 735)... - 2. |ownneee- 

LANDED AT GLOUCESTER | 

JANUALY. OS ssosios emcee 111 210 Di cescnticrsitra | eee alee eeicie| -iseisia sic Sled ansenees 1 siete cisrote 
BO DHIALY? <.s/-:5\ de sieleee <isies 79 3, 899 35} 1, 385 $26! 5-22 2 [eoeasens| bo gosseo|=-2-65%e 
reer SF Liem vawadnetreetereiies an ae Be He : a a 14 982) ec? G24) eon eer iite 
Pree. HOES S82 On 1 915 871 Tobe 7 a pal fC aceite Lap tarde Feo eee § 
Mayet. 2. 5060... 2. 68 59] 47,145 496| 4; 490 75 9,140, 1,043 180| $22 
‘FaTe(alc | SIG Sa 76| 46,920 513) 22,470 485) 1008. oo ere 8 2, 050 231 
Mailyh ss USL A OAS. 59| 60, 185 624) 8,125 165 340, li] 5,190| 190 
PRUIPUSTBAR.1. = ete ceed 28a 75 86, 530 813} 5,900 PA YAD Seas Nepesakile 6, 366), 344 
September..............-.- 72| 44, 400 510| 5, 400 111} 16,080, 2,650/ +1, 480 97 
Orton... Use. ..ee 184} 36,385 367| 1, 785 BO i268. =. is Leagan 365) 26 

207 810 16 | 2854.) bee a 75 5 
Esa | Ie yet a 1,810, 458). ck wee fezsteget 

4,698 53,030/ 1,196 42,352 6,781] 15, 706| 915 

| 

a 

HEP tember. .c, assess ceee 150 
October: -. ---5 eee =< ones 129 
November, -<...stttes.-mne 97 
December’. .....ateae= == see 62 

Mptal- 5 so4es5-. 25 1,803, 531,304) 10, 233 405 8| 1,617, 635| 225, 626]........ ree 

Grand total.......... 6,349; 2,194,015] 33,348} 53,435| 1, 204) 5,608,443) 783,142) 15, 706 g15 

Grounds east of 66° W. | fe 
loneitade en ieee ane 558) 275,554| 3,110] 24,740 617] 4,223, 766) 568,211) 12,915 755 ? 7 2 

een ae asiogh 79 | 1, 918, 46 30, 238) 28, 69. 87) 1,384,677) 214, 931 2, 791) 160 ONPIUGES- --sh esse eee 5, 791 461 , 238] 28, 695 5 , 384, ; 2, 791) 
Landed at Boston in 192i. 3,078, 881,288 16,111| 800 16| 3, 808) 468, 556, 592)........ edt a 
anded at oucester in 
1921 .Jece. 6. eee ane 2,073| 576,995| 7,368 37,550,  -761| + 385,040} 39,447| 48,321) 7,063 

Landed at Portland in 1921.} 2, | 601,699) 13, 569 83, 4| 1, 424, 089! 199, 959 110) 13 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922, 43 

Statement, by months, of quantities and values of certain fishery products landed at Boston 
and Gloucester, Mass., and Portland, Me., by American fishing vessels during the 
year 1922—Continued. 

Months. 

LANDED AT BOSTON. 

January 
February 
March 
April 

September..........-..---- 
October 
ZS COVA ET E89 92) re Raha 
December 

LANDED AT GLOUCESTER. 

January 
February. ..- 
March 

weet etter e ee eee 

SE CU) eee eee 
October 

Grounds east of 66° W. 
longitude 

Grounds west of 66° W. 
longitude weer eens eee sees 

Mackerel. Miscellaneous.! 

Fresh. Salted. Fresh. Salted. 

Pounds. | Value. |Pounds.| Value.| Pounds. | Value. | Pounds. | Value. 
pide te se cise aina ta 5s 5] seins 5: a emesis 252, 700| $14, 092 1, 800, $34 
EAT UNO) ||: 1S ene 381, 149] 17,543]  15,800| 393 

100 bl eel | = sae 914, 341) 36,149 26, 000) 646 
BES Ge coed Pee here Benepe] Sashece SION 735 |i 9, O07. 2 2tcsst ctasseoas 

Q2U552|Pe1 50297) 16> eal ASA“ 5674 OPBT6|ukce=cszec lessee 
816,565} 59,530) 65,400] $4,109} 308,453] 39,351|..........|....... 
15, 238 6 ili ve a 16325707203; 506|n. 222224 2<}oaacees 
21, 045 (25h ees a eee 1, 231, 758)'148; 963)-5252225<|eeoee 

GST S82 tzo Ook sen can teiee cc ae 7199+ 390). 75,097. 225525550 | ee eee 
29789255 TO eee MM ABTAOD2I 7: O52 22 2-2 50 
558,329] 54,914)... .....[000..- 931.496) vil HOS \=.52 ==. ce ee 

ESS Ss Sees emote etieme a omen ecee 173; 669} --U S22 25252 sal2|20eeeee 

2, 871, 000} 181,962} 65,400} 4,109] 7,146,947} 596,409, 43,600 1,073 

1, 401, 020 45, 260 

374, 545| 27,166] 370, 555| 32,029|.......-..|......-- 1, 892, 420 56, 355 

pegs SAO, POO By S55 ).oe >y 2601. bos wae. . eee 
See ae eT) |e a 16.4a3h-.. 67B\asc22a-+ HI 
Bee ir Pape AD <1. 5¥ON Ode Ca) O62) Hus 11R)s.2-3si00:) eae 
2 mR G (TRL e Aa A 1, 535 OO) oe cost 5. Coe 
a Pe RS Td] ie Rac 216,301). 2, 730|s:...2s2s)ocec ine 

160, 833|" 7,581 14/985) g44l. 119,729). 1, 586|.-...2.-22/ec dade 
ae et (0 eee 1,617,490, 22) 590 95 6 

103; 475) °°3)973\ ee rT 276,915, 11,180 400,35 
gag 415] "'9)107|.. 80h... G6; 225 |e - Bp DIA nz ax. EH es 
393,379| 6, 962| 10,140/ 406, 18,034, 490|.....-....|.....-. 
rey ee Ree 1311 69| 24.7 Lanes 

tL Lgl) Toe Pe go 295) (Ween a NPC 

1, 020, 822} 29,983| 24,425) 1,250) 2,346,088) 42, 930 495). 4 

4, 266, 367] 239, 111] 460, 380) 37,388) 9, 493, 035, 639, 339) 1, 936, 515) 57, 469 
’ SS ———_—— rs 

| | 
| 558] 1,175,006] 88, 062| 449, 240| 36,892) 485,107) 26, 587| 1,892, 915| 56, 396 

| 5,791) 3,091,361 151,049] 11,140 — 496| 9,007,928 612,752| 43,600, 1,073 
| 3,078] 1,993, 286| 201,473} 60,400| 5, 244! 4,335,523) 402, 151|..........|...-..- 
| 

2,073) 244,994] 36,734) 586,100) 40,038| 222,707, 12,364| 351, 400| 9, 584 
2,055) 496,400) 51,957| 3,000 180) 2,397,411) 70, 786 6 33 

: Includes herring from Newfoundland, 410,000 pounds frozen, value $20,500, and 1,892,420 pounds salted, 
value $56,355. 



44 U. S. BUREAU OF FISHERIES. 

Statement, by months, of quantities and values of certain fishery products landed at Boston 
and Gloucester, Mass., and Portland, Me., by American fishing vessels during the 
year 1922—Continued. 

Num- Total. 
ber 

Months. of Grand total. 

trips. Fresh. Salted. 

LANDED AT BOSTON. 
‘ Pounds. Value. | Pounds.| Value. Pounds. Value. 

TAN Arye soe c se Seek eae HSN Soe 158] 5,637, 246] $306, 057 1, 800 $34) 5,639,046) $306, 091 
Habraatysceess)c-eay ace ee ne 228] 9,561,627} 320,678} 15, 800 393] 9,577,427| 321, 071 
Marghy. bor 22. teh y et idan 239} 10,852,500} 298,484) 43, 000 1,241; 10,895,500} 299,725 
PATDIEDS Boe 55 pce eee eee 238] 7,712,436) 257,683 3, 000 105} 7,715,436} 257,788 
May eso. x ce eae ces Nat PGW MEE CORRIIDANS | SEGAL NEES abe Ea ae 8,825,884) 286, O84 
MUM Osss ae cis acca e chek sae ed 232) 8,167,179} 337,393 76, 600 4,495) 8,243,879) 341,888 
livets cos eke Meee nes 296] 8,648,582) 451,539] 13, 000 451| 8,661,582) 451, 990 
WANTS TIS EM nee. he ee a I D720 936423861420 S07 aes a eee ee | 9,364,386, 420, 367 
September 256{ 9,827,296) 345,075/..........]5- mi tictems | 9,827,296! 345,075 
Octobereon. 2 a eaeeee 242} 9,897,933} 344, 708 5, 000 175) 9,902,933) 344, 883 
November........... 2361) 9 ON749 087 ng anda sear see leech ete ‘9,749,037, 354,513 
Decemberss = so oats eee eee TS5| es CI SSROO TIS F290) GSO) Een teers | ace noes 7, 788,097; 290,630 

Notalicns. ay. eee enc 2,893) 106, 032, 203) 4,013,211] 158, 200 6, 894) 106, 190, 403) 4, 020, 105 

LANDED AT GLOUCESTER. | 

TN ANUIALY Ny Dee cosh acs ce eons ence 111 332,370} 17,079} 393, 585 8, 647 725,955) 25,726 
INEDroaty om eee ee eet ane 79 396, 594 9,496] 32,595 1, 069 429,189) 10, 565 
Ef Re ap 371| 5,020,880} 94,274 211, 720 6,315, 5,232,600) 100, 589 
PArarilPe as -ce ss cate eee ee 191} 1,618,369] 34,083) 145, 647 5,068] 1,764,016, 39, 151 
Mayen acre re ear 59} 2,389,911] 33,615] 250,910 9,589) 2,640,821; 43, 204 
TRULY) Ses ie ea IN, Ora! Se 76| 4,070,544; 61,499] 1,121,790 49,292) 5,192,334) 110, 791 
TTL yee te ee eke ae aa 59] 3,602,831]  49,167| 923,250] 32,566] 4,526,081| 81,733 
EAM e ISH ee ate bee rete tek oo. 75| 4,531,798] 61,820) 1,222,151] 46,330) 5, 753, 949) 108, 150 
Renter bene 352,523 ccswacclotons 72| 3,539,040] 49,227] 928,318) 34,674) 4,467,358 83, 901 
Octobe. cee cai niecad noe 184] 2,531,402} 47,159] 665,267 30,943) 3,196, 669| 78, 102 
Novem beressss. seen ashes 234, 1,632,978) 55,551] ‘57,718 5,835| 1,690,696 61, 386 
Wecomibern 223. coccc nodes oeeee 142 728,900} 24,705| 1,402,655| 45,350) 2,131,555, 70,055 

Miateliae fc lek tage ts 1,653| 30,395,617) 537,675] 7,355,606] 275,678 37,751,223) 813,353 

LANDED AT PORTLAND. | 

PATER Ye scaly scia ac ate 129 578, 510 578,510} 30, 505 
136} 1, 218, 978 1,218,978} 46,559 
127| 2,378, 667 2,378,667; 61,428 
162} 1,823, 519 1, 823,929 49, 325 
208] 2, 211, 507 2,237,432) 82,244 
193 906, 904 950,504 73,370 
241] 2, 292° 091 2,298,531, 69,027 
169 962, 919 980,874, 58,709 
150 931, 513 947,438) 53, 669 

OGEODEDEE sce ec ae 129] 1, 043, 802 1,089,127} 55,675 
NWovenibert. 3 oc .ee oe ace 97 921, 126 921, 126 27,777 
Decambersa cs .csckescsce eee 62 492, 234 508,649] 24, 186 

Totals <: /-ceeee ee eeeiee 1,803] 15,761,770! 625,289] 171,995 7,185} 15,933,765) 632, 474 

Granditotalusys Jens snes 6,349) 152, 189, 590| 5,176, 175| 7,685,801! 289,757] 159,875,391) 5, 465, 932 

Grounds east of 66° W. longitude! 558) 26,533,027) 1,083,751) 7,067,930) 266,790) 33,600,957) 1,350, 541 
Grounds west of 66° W. longi- 
[Ta eR Eee) US i a 5,791| 125, 656, 563| 4,092,424) 617,871| 22, 967| 126, 274, 434) 4,115, 391 

Landed at Boston in 1921....... 3, 078| 104, 277, 324| 4,183,769] 91,305 6,366| 104, 368,629, 4, 190, 135 
Landed at Gloucester in 1921. ..| 2,073} 26,746,519} 655,703] 6,269,647) 264,547) 33,016,166 920, 250 
Landed at Portland in 1921..... 2,055} 13,234,616} 601,051| 245,695} 11,193] 13,480,311, 612, 244 

} 

The greater part of the fishery products landed at Boston and 
Gloucester, Mass., and Portland, Me., by fishing vessels each year 
are taken from fishing grounds off the coast of the United States. 
In the calendar year 1922, 78.96 per cent of the quantity and 75.27 
percent of the value landed by fishing vessels were from these grounds; 
4.16 per cent of the quantity and 8.17 per cent of the value, consist- 
ing mostly of cod, halibut, and herring, were from fishing banks off 
the coast of Newfoundland; and 16.88 per cent of the quantity and 
16.56 per cent of the value from fishing grounds off the Canadian 
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Provinces. There was some falling off from the previous year in the 
percentage of products from grounds off the United States, with a 
small increase in that for Newfoundland and the Canadian Provinces. 
Newfoundland herring constituted 1.44 per cent of the quantity and 
1.4 per cent of the value of the fishery products landed at these ports 
during the year. The herring were taken from the treaty coast of 
Newfoundland, and the cod, haddock, hake, halibut, and other 
species from that region were obtained from fishing banks on the 
high seas. All fish caught by American fishing vessels off the coast 
of the Canadian Provinces were from offshore fishing grounds. The 
pick from each of these regions is given in detail in the following 
table: 

Quantity and value of fish landed by American fishing vessels at Boston and Gloucester, 
Mass., and Portland, Me., in 1922, from fishing grounds off the coast of the United 
States, Newfoundland, and Canadian Provinces. 

Species. United States. Newfoundland. eid Total. 

Cod: Pounds. | Value. | Pounds. | Value.| Pounds. | Value.| Pounds. Value. 
Breaks $2... 22011 39, 177,495 $1, 204, 889} 233,510) $5,367) 10,762, 990|$236, 471) 50,173, 995|$1, 446, 727 

Be ey ee Sees aS 520,120 20,467| 1,701,610} 63,401| 2,784,440| 104,684! 5,006,170} 188, 552 
ock: 

pies s 23.44: ae 61,195,629 1,658, 823 220 2} 8,868,764 147,839) 70,064,613) 1,806,664 
petted vehi wa case wclaemumeins see [tetera ah ar 865 19 130,520) 2,717 131, 385 2,736 

e: 
roses eee PA 5, 235,982| 109,105} 15,785 191 89,570| 1,480) 5,341,337| 110,776 
Baltod=s0s: sce a. 6, 900 108| 15,740 257 10, 270 190 32,910 555 

Pollock: 
EBA Rok dee 4,607,130) 109, 462 70 1} 440,585] 7,605) 5,047,785| 117,068 

aaented > eee 4,625 76 4,405 82 40, 270 780 49, 300 938 

Fresh. ..........-- 1,914,761, 30,201] 24,279 364| 254,975] 2,783) 2,194,015] 33,348 
ee =f be ae Aad 28, 695 587; 15,580, 429 9, 160 188, 53,435 1, 204 

ut: 
a ee eee 1,384,647} 214,928! 2,322,666) 297,932! 1,901,130] 270,282) 5,608,443) 783, 142 
Salted: Veen 2)) 24 2,791 160 8, 625 495 4, 290 260, 15, 706 915 

Mackerel 
Reese; . ct. see Peon sen 151 0401s. oo eNO |coc ree cs 1,175,006] 88,062) 4,266 367; 239,111 

= Salted Pete a ahs wosd 11,140 AQG| 22 5 .i5 oa ete anlctoebetae 449,240} 36,892 460, 380 37,388 
erring: 
IPOH eee oss: | 341, 934 4,299} 410,000) 20,500)..........-|........ 751, 934 24,799 
SIE eeeets Soe one ie Ss SS) ie AE, PISO 2) 420 SN OOs O00 | pine sami =| an nse cele 1,892, 420 56, 355 

Swordfish: Fresh.....! 3,229,137) 441,370 7,810} 1,072 44,801] 4,574) 3,281,748} 447,016 
Miscellaneous: | 

pe ae er 5) 496 857| «167! 088)23.5.2 3 Viele ef 22, 496 441} 5,459,353) 167,524 
Salted: =: 12, 790 2 43,600 7 eae Oe ee a 495 41)” 44,095 1,114 

Wofals. isin. 126, 232, 804| 4,114, 176| 6,653,585) 446, 467| 26,989,002) 905, 289 159, 875, 391| 5,465, 932 
] | 

SPECIES. 

coD. 

In 1922 there was a decrease of 60 vessels in the fishing fleet land- 
ing fish at Boston, Gloucester, and Portland, as compared with 1921. 
There were 17 vessels in the salt-bank fishery, or 6 fewer than in 
1921, and 94 in the market fishery, or 4 fewer than in 1921. These 
vessels landed their fares of cod and other ground fish at these ports 
during the year, and large quantities were also landed by vessels 
fishing on the shore grounds. The catch of cod landed at these ports 
during the year was 55,180,165 pounds, valued at $1,635,279, of 
which 50,173,995 pounds, valued at $1,446,727 were landed fresh, 
and 5,006,170 pounds, valued at $188,552, were landed salted. Cod 
pee second in both quantity and value among the various species 
anded. 
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HADDOCK. 

The catch of haddock ranked first in both quantity and value, 
exceeding that of cod by 15,015,833 pounds in quantity and $174,121 
in value. The quantity of haddock landed at these ports by fishing 
vessels during the year was 70,195,998 pounds, valued at $1,809,400, 
all landed fresh except 131,385 pounds salted, valued at $2,736. These 
fish were taken chiefly from Western Bank, Browns Bank, Georges 
Bank, and South Channel, and the greater part of the catch, or 
52,862,914 pounds, valued at $1,505,425, was landed at Boston. 

HAKE. 

The catch of hake amounted to 5,374,247 pounds, valued at 
$111,331, all landed fresh except 32,910 pounds salted, valued at 
$555. Of this catch, 3,519,546 pounds, valued at $71,473, were 
landed at Boston, 860,605 pounds, valued at $20,898, at Gloucester, 
and 994,096 pounds, valued at $18,960, at Portland. 

POLLOCK. 

The catch of pollock amounted to 5,097,085 pounds, valued at 
$118,006, all landed fresh, except 49,300 pounds salted, valued at $938. 
The greater part of this catch, or 3,416,051 pounds, valued at $78,662, 
was landed at Boston. The catch was obtained principally from 
Browns Bank, Georges Bank, Jeffreys Ledge, South Channel, and 
shore grounds. 

CUSK. 

The catch of cusk was 2,247,450 pounds, valued at $34,552, all 
fresh except 53,435 pounds salted, valued at $1,204. More than half 
of the catch was landed at Boston. There was an increase in the 
catch of cusk of 149,035 pounds in quantity, with a decrease of $3,277 

_ in value as compared with 1921. 

HALIBUT. 

The catch of halibut was 5,624,149 pounds, valued at $784,057, all 
landed fresh except 15,706 pounds salted, valued at $915. There 
was a small decrease in the catch in both quantity and value as com- 
pared with 1921. The quantity landed at Boston was 3,948,456 
pounds, valued at $550,735; at Gloucester, 58,058 pounds, valued 
at $7,696; and at Portland, 1,617,635 pounds, valued at $225,626. 

MACKEREL, 

The total catch of fresh mackerel taken by the American fishing 
fleet in 1922 was 53,703 barrels, compared with 40,323 barrels in 1921, 
an increase of 13,380 barrels. The total catch of salted mackerel 
was 2,749 barrels, compared with 3,242 barrels in 1921, a decrease of 
493 barrels. The quantity of mackerel landed at Boston, Gloucester, 
and Portland durmg the year was 4,726,747 pounds, valued at 
$276,499, of which 4,266,367 pounds, valued at $239,111, were fresh 
and 460,380 pounds, valued at $37,388, were salted. There was an 
increase in the total catch of mackerel landed by fishing vessels at 
these ports of 1,342,567 pounds in quantity and a decrease of $59,127 
in value, as compared with 1921. 
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In 1922 the total catch of mackerel up to July 1 was 25,000 barrels 
fresh and 2,344 barrels salted, compared with 33,632 barrels fresh and 
3,143 barrels salted for the same period in 1921. In the southern 
mackerel fishery both the purse-seine vessels and the gill-net vessels 
had a poor season. The weather was favorable for fishing, but the 
mackerel were not abundant. ‘The fish landed were practically all 
of large and medium size and sold from 9 to 30 cents per pound, ac- 
cording to market conditions. The first mackerel landed sold at 60 
cents per pound. The southern fleet was about the same size as in 
1921. The Cape Shore fleet was larger than last year but less suc- 
cessful. The first arrival was on May 25 and consisted of large and 
medium fish, which sold at 18.6 cents per pound. On June 2, fresh 

'mackerel sold at 64 cents per pound from the vessel, the lowest price 
since 1919. Cape Shore salted mackerel sold from $12 to $13 per 
barrel. 

SWORDEISH. 

The catch of swordfish amounted to 3,281,748 pounds, valued at 
$447,016. There were 50 vessels engaged in this fishery, or 16 fewer 
than in the previous year, but there was an increase in the catch of 
105.41 per cent in quantity and 40.39 per cent in value. 

FLOUNDERS. 

The catch of flounders in the vessel fishery was 3,281,327 pounds, 
valued at $134,749, an increase of 676,670 pounds, or 25.97 per cent 
in heat and of $22,793, or 20.35 per cent, in value, as compared 
with 1921. The catch taken by boats under 5 tons net tonnage is not 
included in these statistics. 

HERRING, 

The catch of herring amounted to 2,644,354 pounds, valued at 
$81,154. Of this quantity, 341,934 pounds, valued at $4,299, were 
taken off the coast of the United States and landed fresh, and the 
remainder, including 410,000 pounds, fresh, frozen, valued at $20,500, 
and 1,892,420 pounds, salted, valued at $56,355, were Newfoundland 
herring. 

OTTER-TRAWL FISHERY. 

In 1922 there were 578 trips landed at Boston, Gloucester, and 
Portland by otter-trawl vessels, amounting to 50,804,604 pounds of 
fish, valued at $1,259,487, or 31.78 per cent of the quantity and 23.04 
per cent of the value of the total catch landed by fishing vessels at 
these ports during the year. The catch included cod, 11,161,947 
pounds, valued at $279,585; haddock, 35,878,524 pounds, valued at 
$824,963; hake, 576,370 pounds, valued at $11,288; pollock, 919,177 
Parada, valued at $19,181; cusk, 3,785 pounds, valued at $30; hali- 
ut, 157,813 pounds, valued at $28,446; mackerel, 120,960 pounds, 

valued at $13,202; and other species, 1,986,028 pounds, valued at 
$82,792. The catch by otter trawls consists principally of haddock, 
which in 1922 amounted to 51.11 per cent of the quantity and 45.59 
per cent of the value of the entire catch of this species landed. The 
greater part of the catch by otter trawls was taken from Georges Bank 
and South Channel. 

55904—23—4 
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The following tables give, by fishing grounds and by Inonths, the 
catch landed by otter trawlers at these ports in 1922, and also the 
catch of cod, haddock, and hake landed by them in various years: 

Fishery products landed at Boston and Gloucester, Mass., and Portland, Me., by otter 
trawlers in 1922. 

Num- 
ber of Cod. Haddock. Hake. 
trips. 

1 

BY FISHING GROUNDS. 

East of 66° W. longitude. 
i Pounds. Value Pounds. Value. | Pounds. | Value. 

Wester Banke sees ures 94 | 5,541,716 | $125,209 | 7,696,371 | $129, 285 9, 925 $132 

West of 66° W. longitude. 

Browns) Bank seosean iene 2 29, 500 1,030 37, 000 1,741 550 17 
Georges Barks: Wyse lees Ve 217 | 3,919,720 | 103,883 | 12,110,375 | 276,132 56, 810 1, 109: 
South Channel.../...2......... 228 | 1,592,256 46,915 | 14,063,788 | 357,667 | 463,165 9,363 
Nantucket Shoals....-........ 29 78, 755 2,548 | 1,970,990 60, 138 45, 385 651 
Shore, general..............0.4 ESR PS MS FO AL A ES UN ce a 535 16. 

Motalx vets seb. wey cs aes 578 | 11,161,947 | 279,585 | 35,878,524 | 824,963 | 576,370 11, 288 

BY MONTHS. 

PANUATY Maeve ck t nae vee a 317,010 | 19,866} 1,930,595 | 102,799 8, 040 468. 
HG DIMAT Yen a harence cas ane 567,060 | 19,996 | 2,924,730] 72,534 8, 605 246 
Marche yi sk Sere Sauer Sek Sk 1, 543, 970 32,418 | 4,081,650 67,639 22,705 87 
PROT oak cel ow ated aa 830,130 | 17,124 | 2,720,420] 63,405 8, 990 122 
Mia yi sh ks 295 5 We Cre Chek Es) cal 1,072,251 | 22,103] 3,958,915] 74,243] 33,870 759 
Jue ley ere SRO sean. ae 941,745 | 20,057 | 3,293,738] 57,174 | 121,060 2, 368 
HU ceieaes AS gee egress hk 1, 211, 141 25,025 | 2,973,795 47,679 63, 820 1, 102 
ANIPUSIERT RIES, PU OEE EY 1, 256, 395 22,084 | 3,238,995 50, 605 47, 745 965. 
September 1,184,720 | . 23,722) 2,583,371) 40,681) 44,755 731 
October eee ee 812,700 | 23,125 | 2,693,235 | 75,292) 44,220 839 
November 650, 650 21,972 | 2,762,515 81,113 | 118,580 1, 168. 
December 744,175 | 32,093 | 2,716,565 | 91,799] 58,980 1,641 

Motalloeretenres. saute 578 | 11,161,947 | 279,585 | 35,878,524 | 824,963 | 576,370 11, 288: 

Num- 
ber of Pollock. Cusk. Halibut. 
trips. 

BY FISHING GROUNDS. 

East of 66° W. longitude. 
Pounds. Value. Pounds. | Value. | Pounds.| Value. 

Western Bank. sees wee ce cy 94 349, 265 $6,550 3, 285 $25 29, 518 $5, 021 

West of 66° W. longitude. 

Browns Bank... ..-..2..2....-- 2 2,935 ZETA 3 shee a ese 213 44 
Georges; Banke = case Te ay 217 148, 268 Sp UL Co ad oe el Meme ee ase 64, 399 11,360 
South Channel................ 228 384, 595 8,471 500 5 | 61,659 11,639) 
Nantucket Shoals............- 29 82, 364 BAT plata | Save aladee ie sare 2, 024 382 
Shore} 'feneral’/seyet ate 5 1,750 TOTNES CRAY Reo ea ner, Site el eaters eee 

HD 3 Sepa ig TIE lt 578 919, 177 19, 181 3,785 30 | 157,813 28, 446 

17, 424 SMA I ele 5,306 1,839 
57, 850 NHGRI AES SR NEA ON 13, 680 3, 062 

117,795 SHOAL IAAL en SITIO 27, 800 5, 742 
46, 385 1, SOAs A Sa] A 9, 858 1,401 
36, 045 SION re get BAM Nae 16, 187 2,470 
38, 358 490 3, 285 25| 26,326 3, 710 
28, 785 BOSC EN awa laa eral 8, 833 1, 252 

y 55, 560 954 jrcteeee see treet sees 6, 004 741 
: 93, 585 pS ee ae | Pete a A | 9, 108 1, 082 

ORto ber eye MEA NUA): Wants Sa 41 30, 555 LTO | Sha, she | oNmee ae 13, 591 2, 025, 
Novemberiaywe Ley 54 101, 640 1, 767 500 15, 256 3, 339 
December. My ee eae 57 295, 195 By OBA T |. Am dee Cee ee 5, 864 1, 783 

otaliceeseue: St een 578 919, 177 19, 181 3,785 30 | 157,813 28, 446 
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Fishery products landed at Boston and Gloucester, Mass., and Portland, Me., by otter 
trawlers in 1922—Continued. 

| 

Num- 
ber of Mackerel. Miscellaneous. Total. 
trips. 

| 

BY FISHING GROUNDS. 

Bast of 66° W. longitude. 
Pounds. | Value. Pounds. Value. | Pounds. Value. 

Western Bank........2:..---.- CYC ay ale RR a, 20, 551 $379 | 13,650,631 | $266,601 
GapaShoreay 4.08) 2.3 Bile LOR SOOO | STD 7Gi| Seen ce | ee es | 108, 990 12,776 

West of 66° W. longitude. | 
| 

IBTOWHSIB an Keto. oe koacc i Fs Se Wea sisias ss FES Eee 70,198 2, 855 
Gearres Bank. 6s60 o-oo. teens - Dial sess. Cee Se a 973,657 | 42,762 | 17,273,229 | 438, 457 
Sonui@nannels. t. to" ns? 228 245) S74 864,558 | 33,817 | 17,430,766 | 467,951 
Nantucket Shoals............- Done toneee ad eect «ied 107, 837 5,159 | 2,237,355 69, 725 
PROe; Peneral os: Jassie ac epes 5 11, 725 352 19, 425 675 33, 435 1,122 

dF a 578 | 120,960 | 13,202] 1,986,028 | 82,792 | 50,804,604 | 1, 259, 487 

BY MONTHS. 

Re I age CT ea oe ee ee Se Bae 40, 986 4,663 | 2,319,361 130, 421 
Lisl Agal tn 2 ae Oe aa, AS) UMNO aan 4 72, 206 5,146 | 3,644,131 | 102,688 
varie Srey ee 61 100 61 146, 976 5,895 | 5,940,996 | 115,678 
aries te Ba" ere eee 2 87, 430 3,433} 3,703, 213 86,635 
[Se LC le See | 48} 39,400 7, 320 283, 768 5,776 | 5,440,436 | 113,490 
Ree Wars oe Ass je cc | 55] 69,735 5,469 183, 521 5,331 | 4,706,568 94,624 
ST ime 22) ee ale eee ae 46 |— 11,725 352 135, 787 5,375 | 4,433, 886 81, 378 
APUSUH esos... Soo a ST & OD et ese S| a= ee ec 178, 338 7,412 | 4,783,037 82,761 
Soubembenes.....4..<.d-500. PY its agai i ks 252,110 8,320 | 4,167,649 75,709 
WICHODEN eos oot Sean esc eacee BUA itso | tydeae ces 353, 242 13, 445 3, 977, 543 115, 443 
Wovempersss5....+2-<.:2<saaae Rms |S iaT © SABIE fe 2 es Mi 186,482 | 11,295 3,830,623} 120,659 
Dacempetsyn-s... | wh... esa Bo eeripete ral Mere 65, 182 6,701 | 3,885,961 | 140,001 

Potale: =. oc.) ces... ease | 578} 120,960 | 13,202) 1,986,028 | 82,792 | 50,804,604 | 1, 259, 487 

Cod, haddock, and hake landed at Boston and Gloucester, Mass., and Portland, Me., by 
otter trawlers in various years, 1908 to 1922. 

Year. Trips. Cod. Haddock. | Hake. Year. Trips. Cod. | Haddock. | Hake. 

| No. Pounds. Pounds. | Pounds. No. | Pounds. Pounds. | Pounds. 
1908...... | 44 209,800 | 1,542,000 | 46,600 || 1913...... 326 | 1,667,806 | 12,488,992 | 209, 485 
ese ee [P47 159, 800 1,719, 000 74,400 |} 1914...... 387 1,149,595 | 15,383, 550 259, 913 
1910...... | 59 125,850 | 2,775,000 | 46,600 || 1920...... 646 | 6,311,389 | 51,962,457 |.......... 
Tuitose cs. 1 a8" 564, 500 7, 367, 100 151, 700 || 1921...... 346 2,482,833 | 26,734, 893 241,650 
he ai 295 | 1,952,950 | 12,966,700 | 105,500 || 1922...... 578 | 11,161,947 | 35,878,524 | 576,370 

! u | 

VESSEL LANDINGS OF COD, HADDOCK, AND HALIBUT. 

The following tables give the catch of cod, haddock, and halibut 
landed at Boston and Gloucester, Mass., and Portland, Me., by fishing 
vessels in 1922, taken from each fishing bank each month by otter 
trawls and by all other forms of fishing apparatus. The landings 
include both fresh and salted fish, but the latter have been converted 
to the equivalent weights of fresh fish in the condition landed. 

. 
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Vessel landings of cod, haddock, and halibut at Boston and Gloucester, Mass., and Port- 
land, Me., for each month of 1922, shown by apparatus and fishing banks. 

[Salt fish have been reduced to the basis of weights of fresh fish.] 

JANUARY. 

Trips. Cod. Haddock. Trips. Halibut. 

BY OTTER TRAWLS. | 

East of 66° W. longitude. | Num- | Num-| 
ber. Pounds. Value. | Pounds. Value. ber. | Pounds. | Value. 

Western Bank. —c25 542. J 1 20, 525 $1, 150 | 57, 000 $1, 729 | 1 954 $289 
| | | 

West of 66° W. longitude. | | 

Browns Bank............ 1 13, 100 281 17, 500 | Cel eA SR Betetiodaon aoe Be 
Georges Bank. so 2.2. 02se2 17 178, 430 12,103 | 847, 565 41,712 16 2, 897 1,079 
South Channel........... 19 102, 030 6,195 909, 130 53, 679 13 1, 488 466 
Nantucket Shoals........ 2} 2, 925 137 | 99,400 4, 838 | 1) 17 5 

Motel ‘ph 40 317,010 | 19,866 1,930,595 | 102,799 31 5,306 | 1,839 
ee ee —_—_———— 

BY OTHER APPARATUS. | 

East of 66° W. longitude. 
Western Bank........... 1 25, 819 Ek a Aas | An a RR pe EDERAL é 
Quereau Bank........... 1 17, 800 egy edocs Sader Gooor 1 23, 747 3, 909 

| 

West of 66° W. longitude. 

Browns Bank............ 41 659, 926 30,498 | 1,481,325 | © 77,704 35 5, 385 1,931 
Georges Bank............ 5 54, 489 3, 827 84, 710 3, 899 5 1, 360 509 
Middle Bank............. 1 3, 740 213 | 2, 890 210 1 10 1 
Platts, Bank: >. oe. cen 5 12, 139 597 | 8, 565 690 2 71 9 
Jeffreys Ledge............ 41 147, 475 7, 822 228, 125 16, 936 21 1, 703 366 
South Channel..... tp iat 8 30, 755 1,761 | 110, 090 6, 859 6 763 175 
OmChatham. 222025. .e* 6 16, 605 990 67, 510 4, 893 5 733 214 
Shore, general............ 248 196, 982 10, 155 69, 572 5, 626 19 | 704 120 

‘Total. -2- i. - Fe Bel 357 | 1,165, 730 57,010 | 2,052,787 | 116,817 95 34, 476 7, 234 

Grand total........ 397 | 1,482,740 | 76,876 | 3,983,382| 219,616! 126| 39,782] 9,073 

FEBRUARY. 

BY OTTER TRAWLS. 

East of 66° W. longitude. 

Western Bank........... 2 40, 000 $1, 200 200, 550 $6, 017 1 2, 000 $200 

West of 66° W. longitude. 

Browns Bank............ 16, 400 749 19, 500 900 1 213 44 
Georges Bank............ 474, 625 16,760 | 2,480,715 58, 951 37 9, 676 2, 411 
South Channel 34, 045 1, 245 223, 965 6, 666 4 Ae7915 eT, 
Nantucket Shoals 1,990 G2) son opesarenalveeed at ab elo neni se se SGnSaSeocoods 

Motalesccwceacer eee | 567, 060 19,996 | 2,924, 730 72, 534 43 13, 680 3, 062 

BY OTHER APPARATUS. | 

East of 66° W. longitude. | 
Western Bank........... Saedosociogjetadosde 
Quereau Bank........... | | 117,191 | 19,500 
Green Bank | 31,988 4, 500 
St. Peters Bank.......... Reaae ee 28, 813 4, 535 
The Gully soon es ee | 17, 068 2,411 

West of 66° W. longitude. | 

Browns Bank...........- 29 550,065 | 18,938 | 1,090,365| 37,532 23| 3,755] 1,002 
Georges Bank. . 35 | 1,503,252 | 45,872 923,900 | 21, 037 25| 3,992; 1,172 
MiddletBanka ns 22s vere 14 34, 120 1, 415 137, 115 5, 620 4 | 407 53 
Jeffreys Ledge............ | 70 169, 786 5, 687 662, 350 25, 477 35 | 1, 774 323 
South Channel........... ines 60, 294 2, 403 420,125 | 15, 885 9 1, 409 283 
Off Chathamsstso3o as 9 31, 162 1, 245 232, 575 8, 486 5 | 517 155 
Shore, general............ | 205 240, 060 8, 059 316, 375 9,379 3 | 62 tf 

Total...........-..., 392| 2,684,094 86,486 | 3,782,910| 123,417| 110| 206,976| 33,941 

Grand total........ | 440 | 3,251,154 | 106,482) 6,707,640 | 195,951 | 153 | 220,656 | 37,003 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922. 51 

Vessel landings of cod, haddock, and halibut at Boston and Gloucester, Mass., and Port 
land, Me., for each month of 1922, shown by apparatus and fishing banks—Continued.. 

MARCH. 

| | | 
Trips. | Cod. Haddock. Trips. | Halibut. 

BY OTTER TRAWLS. | | 

East of 66° W. longitude. | Num- Num- 
| ber. Pounds, Value. | Pounds. Value. ber. | Pounds. | Value. 

Western Bank........... Posie: 873,050 | $16,620 1,463,755 | $29, 234 5 | 699 $121 

West of 66° W. longitude. | | | | 
| 

Georges Bank...........- | 28 481,100} 11,229| 1,722,640) 22,858| 21| 10,345| 2,025 
South Channel... 13 189,655 | 4,564| 893,990] 15,522) 14) 16,657| 3,581 
Nantucket Shoals... 1 165 5 | 1, 265 25 1 99 15 

uta tere state cst ss 56 1,543,970 | 32,418 | 4,081,650] 67,639| 41| 27,800| 5, 742 

BY OTHER APPARATUS. 

East of 66° W. longitude. 
Western Bank 5 128,295} 2,521) 76,445 765 2) 60,774 | 10,895 
Quereau Bank ‘C 48, 821 G0 |= > tomeaeets so en mccea 4 | 147,289 | 22,644 
Green Bank........-.---- | 5) 101,180 1, 835 115 1 1) 14,982 624 
St. Peters Bank Spe ae ery i Mee ee a 3 115,440| 15,167 
Wie Mnliy'..26...--4-.+- eae 36, 924 i A Fe Ot a ed 4 129,366 | 20,215 
West of 66° W. longitude. 

Browns Bank............ 15| 458,965 | 9,706| 576,275] 9,542! 13/ 21,402] 4,899 
Georges bank 5 ae ae 121 3, 528, ssl 77, 962 | 2 213, 050 21, 979 29| 43,138| 7,783 
Wide Bank.< 2. . 2.5275 ? 9 , 314 ih) 64 13 

Platts Bank.............- 2 1, 785 42 12, 490 293 1 | 15 2 
Jeffreys Ts, Soa 38 85,195 | 2,009, 327,178) 8, 147 12 | 400 81 
South Channel.........-. | 95 174, 692 ‘ 651,730 | 11, 471 14| 1,916 410 
Shore, general........-.-- 460 467,690 |~ 13,533 1,706,425 | 42, 699 8} 2,082 375 

Metals... 2cksicc 687 5,063,165 | 113,987 | 5,654,628 | 103, 211 92 | 536,868 | 85,108 

Grand total....,...) 743 6,607,135 | 146,405 9,736,278 | 170,850| 133 | 564,668 | 90,850 

APRIL. 

BY OTTER TRAWLS. 

East of 66° W. longitude. | 

Western Bank........... 14| 587,770 | $12,010 | 1,590,605 | $31,602) 5 | 746 $77 

West of 66° W. longitude. | 

Georges Bank............ 10| 173,855| 3,779]  650,265| 17,816;  9| 6,055| gigs 
South Channel........... 6 51, 940 985 |  316,500| 8082; 6] 2.593) 445 
Nantucket Shoals........ 2 16, 565 | 350 163,050) 5,905 2 | 534 61 

DE a 32 | 830,130 | 17,124 | 2,720,420 | 63,405| 229,858 | 1,401 

BY OTHER APPARATUS. | 

East of 66° W. longitude. | 
La Have Bank........... 3 88,320; 1,939| 35,700 759 4| 52,940 6,928 
Western Bank........... 4| 123,446| 27325 46, 553 940 3|.. 1,19 | 215 
Quereau Bank ae eae 2 Uy 080 263 ee hod Pe Bas 7} 198,670 24,105 
POOL ERA chewaaatencewli -» S| «. «flo QR. || -+) UGOU le oaawe Sevecelcenewocesclene a wa at mt || helen nat ete lefe'eidte ces 

Grand Bank.......... 5 a Be ee fy 2 Re ED eNOS BOT fy eS yen 1 | 45,205 | 5,872 
WHO GUY: ../s...2.dlc-c 3 20,029 B56! .ke <r Oe ae 1| 17,167) 2,419 
West of 66° W. longitude. | 
Browns Bank............ 49 | 1,809,795| 42,976| 997,025) 28,68 32| 61,227 6,412 
Georges Bank. yd! 21 "625, 200 11, 963 51, 180) 410713 | 162,920 19,113 

enes 5 84 1 138 | 
Middle Bank... 14 96,955! 2,513|  109,640| 4,327, 10, 1,493 240 

Teltreys Tae o| se2es| 1,300| aseve| 1488, |. ae| 9 
South Channel. 16| 185,322 4,867|  374,815| 15,690| 15| 2,040 324 
Nantucket Shoals 1 490 a1) ape ee ee) eee 2 | 1 | 10 1 
Off Chatham. ... 14 83,190, _2,248| 350,805 | 11,478 | 10 | 3; 140 
Shore, general... 624,788 | 19,599/ 381,597 | 15,965) 15| 22,972) 2,529 

ofall. sea. 2 Bit... | 3,818,386 | 92,084 | 2,412,240 | 80,943 | 120, 567,625 | 68, 424 

Grand total........ 550 | 4,648,516 | 109,208 | 5,132,660 | 144, 348 | 142) 577,483 | 69, 825 



9 
ad 5 U. S. BUREAU OF FISHERIES. 

Vessel landings of cod; haddock, and halibut at Boston and Gloucester, Mass., and Port- 
land, Me., for each month of 1922, shown by apparatus and fishing banks—Continued. 

MAY. 

Trips Cod. Haddock. Trips. Halibut. 

| is: 
BY OTTER TRAWLS. Wy 

F um- Num- 
East of 66° W. longitude. ber. Pounds. Value. Pounds. Value. ber. | Pounds. | Value. 

Western Bank........... 11 823,610 | $16,018 | 1,240,745 | $20,904 3 1,794 $283 

West of 66° W.longitude. 

Georges Bank............ 4) 81,340 1,681 301, 900 3, 921 2) 1,868 258 
South Channel........... 30 154,351 4,172 | 2,246,170 | 45,037 25| 11,936 | 1,819 
Nantucket Shoals........ 2 12, 950 232 170, 100 4,381 2 589 | 110 

are PC ae i IE 47 1,072,251 | 22,103] 3,958,915 | 74,243 32) Te 187 | ea a0 

BY OTHER APPARATUS. | 
East of 66° W. longitude. 

La Have Bank........... 2 59, 810 1, 263 11,060 111 1 455 90 
Western Bank........... 10 270, 432 4,842 161,745 1, 599 3 | 103,196 | 14,573 
Quereau Bank........... 8 180,715 B5206 os So saee cen elleecle tees oe 6 | 188,840 | 23,525 
Green Banka rs eyes 1 6, 096 115 re peaisyte |< is Sse ales 1 20, 420 2,101 
Grand Bankseee 2505555 1 54, 478 TEOAS (|=) \ vas Meramec es 3| 81,478 | 11,023 
CapeiShores. 2. eu. 1 20, 893 331 16, 400 298 1 | 819 136 
AU aTSh( GABA aa A ORE bina 3 Sd ciepets nanl nA man Ale aerate Oe on 2)| "78,325 | 7,734 
West of 66° W. longitude. 

Browns Bank....- bend 38 768,047 | 16,721) 1,043,920) 20,563 29 | 65,811 | 11,399 
Georges Bank. 222222222. 56 | 1,721, 740 42,183 182, 315 3, 450 42 | 212,317 | 29,084 
Gashes) Banks 2205 sense 1 9, 500 ge Te aa Ree penis hp oe | Re ee 1 | 610 95 
MiddletBanles,.54.050.. 3 22,730 558 10, 435 494 3 872 127 
elattshB amikeee oso sescis sy 1 6, 790 171 2,300 69 1 127 16 
Jeffreys Ledge........... 3 20, 646 437 5, 148 152 3 221 38 
South Channel........-.- 4 455,610 | 11,605 871,410 | 26,177 37 | 30,271 | 5,073 

1 7, 825 160 185 dealt Geis Mat | ace RE ay Se 
3 36, 040 2,018 | 52, 900 2,304 1 207 34 

631, 628 21, 827 | 125,171 6,115 23 2,943 510 
—_.—__ | — _————ee 

TY Fee A 410 | 4,272,980 | 106,937 | 2,482,989 | 61,339 | 157 | 786,812 | 105,558 

Grand total........ 457 | 5,345,231 | 129,040 | 6,441,904 | 135,582 | 189 | 802,999 | 108,028 

JUNE. 

BY OTTER TRAWLS. | 

East of 66° W. longitude. 

Western Bank........... 12 539,680 | $11,239 717,990 | $8, 288 6 15,775 | $2,072 

West of 66° W. longitude. 

Georges Bank............ 9| 160,660} 2,795] 383,375 | 5,807 4} 1,520 184 
South Channel........... 32 241, 405 6,023 | 2,192,373 | 43,079 23 9,031 | 1,454 

Rotaliennescessres 53 941,745 20,057 | 3,293, 738 57,174 33; 26,326 3,710 

BY OTHER APPARATUS. | 

East of 66° W. longitude. 

La Have Bank........... 21 | 1,596,855 | 32,109 176, 851 2,002 8 6,037 | 1,018 
Western Bank........... 8 933, 736 18, 523 77, 940 7 41,924 6, 837 
Quereau Bank........... 3 29, 680 G25 tse NE aloe ote eee 4) 56,464 6, 822 
COD ieYep a TL Bc} 46 “dls Reni ee eR ye A A a NENG CAPS RAYS relies po Sete UE ee Meee ee 2 | 88,211 | 11,275 
Grand Bank Pe eb oe 15 55879643). 105852). 5 OS oe oe eae 11 | 255,213 | 36,133 
St. Peters Bank. +... 2.22. 1 37, 172 GED | AiR eee een eas aes 1 | 35, 787 5, 387 
Cape Shores ont were we 1 34, 725 1,179 625 NS Aare ela vata lets Coe aists 
St; Anns Banke $2.) 28 is. nt 392, 304 OF S1A cc SARs Peenale -ceieeine lc cosas im asemeee Isaacs see 

West of 66° W. longitude. 

Browns Bank............ 9} 418,410 | 10,302 | 204,673 | 3, 364 9| 7,786) 1,409 
Georges Bank............ 35} 1,178,740 | 34,496 | 211,660 | 3,401;  26| 59,773; 9,392 
ldttisibanikee sok sehoo es 3 4,000 129 1,772 113 3 623 103 
Jeffreys Ledge..-.......- 2 1, 887 38 4,560 309 2 170 13 
South Channel........... 40 531, 485 16, 800 885, 810 29, 927 33 5, 490 947 
Nantucket Shoals........ 6 56, 400 1,536 440 1 178 18 
Shore, general............ 189 516, 908 40,729 55,773 2,701 12 2, 448 361 

TOCA 2 OL 6 334 | 6,291,266 | 174,292 | 1,620,104| 42,682/ 119| 560,104] 79,715 

Grand total......-. 387 | 7,233,011 | 194,349 | 4,913,842 | 99,856 | 152 | 586,430 | 83,425 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922. 53 

Vessel landing of cod, haddock, and halibut at Boston and Gloucester, Mass., and Port- 
land, Me., for each month of 1922, shown by apparatus and fishing banks—Continued. 

JULY. 

Trips. Cod. Haddock. Trips. Halibnt. 

BY OTTER TRAWLS. | 

East of 66° W. longitude. | Num- Num- 
ber. Pounds. Value. | Pounds. | Value.| ber. | Pownds. | Value. 

Western Bank........... 9 856,671 | $17,471 810,110 | $8, 588 5 1, 509 $165 

West of 66° W. longitude. | | 

Georges Bank............ 19 | 285; 750 5,529 893,040 | 11,286 8 4,942 643 
South Channel........... 15 65, 570 1,961 | 1,163,745 | 24,653 10 2,382 444 
Nantucket Shoals........ ike) 3, 150 64 106, 900 ELA? pet an nen 3 fe ha 

Miptalto ses. 24 44 | 1,211,141} 25,025 | 2,973,795 | 47,679 23 8,833 | 1,252 

BY OTHER APPARATUS. | 

East of 66° W. longitude. | | 

La Have Bank........... 7| 189,760} 5,771 24, 890 341 10 | 90,218 | 12,326 
Western Bank........... 11} 849,192 | 15,199 134, 485 1,345 4| 57,316| 5,622 
Quereau Bank.... 6 245, 812 4,876 4,918 47 5 88,130 | 11,746 
Grand Bank............. 16 | 1,129,430 JER em Bea) beers 14 | 512,330 | 51,211 

West of 66° W. longitude... | 

" Browns Bank............ 24 970, 683 26,333 147,420 3,250 16 19,231 2,778 
Georges Bank............ 26 592,552 19, 803 319, 605 5,363 16 81,881 | 11,262 
PISS BANKS A. con kaa 2 2,385 67 3, 630 161 1 279 29 
Jeffreys Ledge........... 2 1,080 37 3, 390 232 2 27 | 5 
South Channel........... 58 761,484 | 25,324 | 1,335,464 40,072 46 9,192 1,366 
Shore, general........... 162 376, 880 16,080 51,351 2,422 16 807 | 88 

Potal sacs cee o< ss 314 | 5,119,258 | 134,871 | 2,025,153 53, 233 130 859,411 | 96,433 

Grand total........ 358 | 6,330,399 | 159,896 | 4,998,948 | 100,912 153 | 868,244 | 97,685 

AUGUST. 

BY OTTER TRAWLS. 

East of 66° W. longitude. | 

Western. Bank. ....2..... 5 642,700 | $10,859 243,285 | $2, 433 1 375 | $71 

West of 66° W. longitude. | 

Georges Bank............ 23 544,010 9,336 | 1,204,600 17,058 11 3,179 359 
South Channel........... 18 55,775 1,594 | 1,334,435 | 23,969 11 1,995 246 
Nantucket Shoals........ 5 13, 910 295 456,675 | 7,145 5 455 65 

ol b0] Rl ha tee 51 | 1,256, 395 22,084 | 3,238,995 50, 605 28 6, 004 741 

BY OTHER APPARATUS. | re 

East of 66° W. longitude. | 

La Have Bank.......... 6 237, 315 4,461 67,070 517 2 3,004 375 
Western Bank........... 14 1,920,914] 37,164 76,043 834 7| 41,700) 3,716 
RnTae 232 ee a (0 ed TS Se a Be lacejtee ccs e 4| 128,154 | 17,662 
Grand Bank. 2.0 03L 505555 21 456,421 QUDSL. | 5. eeotenal or ce lean 14| 480,300 | 55,094 
St. Peters Bank......... 1 464, 231 Shoal! (Jeseccer eas Seok ees oa 1 3,640 91 
Cape: Shore. 2. 03 622-0. 1 48,715 1,726 2,300 | 120) Lyte lad Tet Soe) ha eeaTay | 

West of 66° W. longitude. | 

Browns Bank............! 31 | 1,245,688 38, 806 80,670 | 1,148 20 23,570 3, 080 
Georges Bank............| 40 | 1,296,355 | 32,558 449,725 | 6,044 21 | 119,520} 14,891 
Platts Bank............- 5 6,157 215 10,556 471 5 309 2 
South Channel........... 56 932,583 | 34,551 | 1,622,725| 40,365| 48] 14,797] 2,290 
Off Chatham............ 1 21,540 979 41, 650 778 1 64 8 
Shore, general........... | 137 260,091 | 11,919 23, 818 887 10 1,145 129 

Metal proce csekes 313 | 6,890,010 | 180,781 | 2,374,557 51,056 | 133 816,203| 97,359 

Grand total........ 364 | 8,146,405 | 202,865 5,613,552 | 101,661 | 161 | 822,207] 98,100 



54 U. S. BUREAU OF FISHERIES. 

Vessel landings of cod, haddock, and halibut at Boston and Gloucester, Mass., and Port- 
land, Me., for each month of 1922, shown by apparatus and fishing banks—Continued. 

SEPTEMBER. 

Trips. Cod. Haddock. Trips. Halibut. 

BY OTTER TRAWLS. | 

East of 66° W. longitude. | Num- | Num- 
ber. Pounds. Value. Pounds. Value. | ber. | Pounds. | Value. 

Western Bank........... 3 | . 301,070 $5, 444 478, 161 $5, 103 1 $16 

West of 66° W. longitude. 

Georges Bank...........- 20} 572,635 | 11,219 936,045 | 14,301 9 5,190 611 
South Channel..........- 20 311, 015 7,059 | 1,169,165 21, 277 18 3,598 461 

Motel Pesce es ssc 43 | 1,184,720 23,722 | 2,583,371 40,681 28 9,108 1,082 

BY OTHER APPARATUS. 

East of 66° W. longitude. | 

La Have Bank........... 2 43,150 1,792 
Western Bank 2 tnells 283° 400 27,168 
Quereau Bank U, ”2097 136 4,498 
Green Bank..... 6 107, 020 bY 277 
Grand Bank. 7 81 816 ue 781 
@apeiShore- oss 25.2.0 1 44” 164 1, 050 

West of 66° W. longitude. 

Browns Bank............ 3 143, 744 5, 966 43, 135 1,144 3 2,960 561 
Georges Bank............ tl|| eee 106,535 51, 141 868, 935 11, 283 34 | 106,057 | 16,838 
LB ULS Ed OK sacs Nee pence | 3 5,303 | "181 5, 720 297 it 45 2° 
Jefireys Ledge. seteesereee) 7 12, 847 | 395 16, 280 861 1 300 32 
South Channel........... | 67 656,854 | 20,694 | 2,726,965 | 53, 400 50| 23,575 | 3,924 
Nantucket Shoals._...... 1 | 12,810 388 500 | 8 1 53 14 
Shore, general..........-- | 98 | 155, 207 6,579 12,947 546 5 2034) 32 

HAF Th ak Mla Ree heat ae | 280 | 4,861,986 | 123,910 | 3,728,697 | 63,433 | 119 | 626,209 | 91,969 

Grand total......-.. | 323 | 6,046,706 | 147,632 | 6,312,068 | 109,114 147 | 635,317 | 93,051 
| 

OCTOBER. 

BY OTTER TRAWLS. | 

East of 66° W. longitude. | : | 

Western Bank........... 2 65,555] $089| 159,520! $1,505 |..ceicefees oe ceefacce vie 
| | | 

West of 66° W. longitude 

Georges Bank.........-.- 29 671,790 | 19,231 | 1,853,295 | 50, 789 25} 11,569 | $1,657 
South Channel........... 10 105,355 2,905 | ” 680, 420 | 22,908 8 2,022 368 

pee eS _ Se | 

Toth. os bh ste 41 842,700 23,125 | 2,693, 235 | 75, 292 33 13,591 2,025 

BY OTHER APPARATUS. 

East of 66° W. longitude. | 

La Have Bank........... 3 183, 264 BNC De eee am I Peal ae 3] 28,082) 5,510 
Western Bank........... 5 513, 253 10, 207 125, 529 1, 256 3 25,377 | 4,507 
Quereau Bank........-.- 2 210, 105 A ABS NS oes b ena o eee ee stem 2 30, 203 5, 352 
Green Bank....... “eases 9 82, 904 SGO2B iil. s kotee abs lee acleenene 9} 216,818 | 34,877 
Grand Bank... .).5.22:- 1 9,500 1758): SRO aE ABE ae 2| 35,217 | 5,182 
St. Peters Bank._........ 2 303, 956 6, 252 1,143 11 1 8,649 | 1,914 
Cape Shore........... pees 2 53,670 | 1,402 | , 400 120 1 50 | 18 

West of 66° W. longitude. | 

Browns Bank.. alae 17 446,723 | 15,969 168, 325 ' 4,555 12 25, 166 4,515 
Georges Bank. . ie 45 | 1, 2897 768 | 40, 002 720,000 10,192 30 24, 834 5,000 
Fippenies Bank._.......- 3 14, 615 538 5,940 855 1 671 105 
Middie Banks. 2i.66.2.2 1 3, 680 151 9,575 284 1 135 27 
Piaite Bake. 6 c5 os. 12 44’ 485 2,016 19,160 906 8 1,622 227 
Jeffreys Ledge........... 16 63, 430 | 3,390 62,058 2,608 12 1,959 319 
South Channel........... 58 467,305 | 18,758 | 1,832/225| 59,038 45| 16,052) 3,174 
Nantucket Shoals._....-.. il 17; 200 PY SSRs. SMEARS) os Pe 2 cae ae 5 os Sees ee 
Shore, general:_........-. 213 622? 478 19,695 28, 183 1, 222 8 396 74 

Potalssses sees 390 | 4,326,336 | 130,189 | 2,974,538 | 80,547 138] 415,231 | 70,801 
ee ES ee 

Gran@totale- 22222 431 | 5,169,036 | 153,314 | 5,667,773 | 155,839 171 | 428,822 | 72,826 



FISHERY INDUSTRIES OF THE UNITED STATES, 1922, 05 

Vessel landings of cod, haddock, and halibut at Boston and Gloucester, Mass., and Port- 
land, Me., for each month of 1922, shown by apparatus and fishing banks—Continued. 

NOVEMBER. 

Trips. Cod. Haddock. Trips. Halibut. 

BY OTTER TRAWLS. 

East of 66° W. longitude. | Num- Num- 
ber. Pounds. Value. | Pounds. Value. ber. | Pounds. | Value. 

Western Bank........... 199, 650 $8, 383 176,000 $3, 1,545 $611 

West of 66° W. longitude. 

Georges Bank............ ll 246, 100 7,098 370, 025 12,035 11 6,839 1,195 
South Channel........... 29 187,360 5,560 | 1,488,540 38, 804 24 6,585 1,427 
Nantucket Shoals........ 10 17,540 931 727,950 26, 643 4 287 106 

of): 54 650, 650 21,972 | 2,762,515 81,113 42 15, 256 3, 339 

BY OTHER APPARATUS, | 

East of 66° W. longitude. 

2) 33,100 793 33, 800 772 2 | 241 85 
11| 220,741 5, 217 138, 285 2,380 4 3,116 799 
1 | 13,600 CSOD | EV ISSE Se ie 1 1, 468 338 
2| 55,970 1,052 3, 740 BA icrchen nl sine EL a EG 

| ! | 

18 281,040 8,166 251, 365 6,881 | 13 6,727 | 2,058 
22 436,001 | 17,713 413,560 | 10, 859 19| 10,611 | 2/302 
1 2,890 105 7,770 348 1 81 10 
2 7, 840 222 18, 200 591 1 61 15 

BIAS Bathe acs te cee oe 12 54, 225 1,760 17,000 923 3 286 38 
Jeffreys Ledge............| 61 211, 863 8,922 216,203 | 10,821 36 2,762 419 
South Channel........... 72 | 461, 433 21,993 | 1,617,710 65,731 45 8,596 2,128 
Nantucket Shoals._...... 3 | 41,475 1, 226 69,275 PiOoo IScELeLs| sas See ee Sa 
Off Highland Light...... 1 1,975 75 4,050 162 | 1 90 23 
Seal Island..............- 1 11,300 379 | 26,400 792 | 1 30 | 3 
Shore, general._.......... | 205 810,992 24,372 42,583 2, 553 ll 683 | 105 

Toten 1. fan 414 | 2,644,445 | 92,675 | 2,859,941 | 105,502 138 | 34,752 8,393 

Grand total. ....... 468 | 3,295,005 | 114,647 | 5,622,456 | 186,615 180 ‘50,008 | 11,662 

DECEMBER. 

BY OTTER TRAWLS. 

East of 66° W. longitude. 

Western Bank........... 16 591,435 | $23,826 558,650 | $10,161 16 3,801 | $1,122 

West of 66° W. longitude. 

Georges Bank............ 8 49, 425 3,123 466,910 19,598 6 319 120 
South Channel........... 29 93,755 4,652 | 1,445,355 53,991 21 1,701 521 
Nantucket Shoals.-...... 4 9,560 | 492 245,650 | 8, 049 1 43 | 20 

| ra See Ma ame ee ce ee } 

ME , oviek only 457, 744,175 | 32,093 | 2,716,565 | 91,799 44 5,964 | 1,783 
F; _——————— | 

BY OTHER APPARATUS. | 

East of 66° W. longitude. 

Western Bank........... 3 41,700 1,416 75,125 2,529 2| 2,261 | 750 
Quereau Bank........... 1 32,594 LAE ba eed nae cater 1] 10,123; 3,158 
Cape Shore............... 2 27,022 1,158 68,500 2,055 1 |» 1,810 | 453 

West of 66° W. longitude. | 
Browns Bank............ 48 753,475 | 31,900 | 1,692,180 58,238 43 16,669 5,079 
Georges Bank............ 5 56, 870 2,441 115,380 | 3,365 5 1,783 351 
Middle Bank.._.......... 5 17,090 1,162 32, 765 MOMS. GH Loreto Dine. 
Pintis Mane ge 7 23,030 | 1,368 10, 250 822 1 52 9 
Jeffreys Ledge........... 54 145,310 7, 947 224,950 | 13,877 27 1,955; 461 
South Channel........... 9 36,595 1,611 134,860 | 5,862 7 Jo, (1,424 274 
Nantucket Shoals.....-.. 1 7, 980 LOE on sien aloe Pee date Sie spate aie Ie Shs scee=| plead 
Off Chatham. ............ 2 4,605 246 18,120 1,061 1 365 67 
Shore, general._.......... 186 313, 837 11,606 116, 069 7,543 11 | 933 144 

Motel cri. f 1. cps 323 | 1,460,108 | 62,472 | 2,488,199 | 97,257 99 | 37,375 | 10,746 

Grand total. ....... 380 | 2,204,283 | 94,565 5,204,764 | 189,056 | 143 | 43,239 12,529 
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Vessel landings of cod, haddock, and halibut at Boston and Gloucester, Mass., and Port- 
land, Me., for each month of 1922, shown by apparatus and fishing banks—Continued. 

GRAND TOTAL. 

-U. S. BUREAU OF FISHERIES. 

Cod. Haddock. Trips. Halibut. 

| 

BY OTTER TRAWLS. | 

East of 66° W. longitude. | Num- | Num- 
ber. | Pounds. Value. Pounds. Value. ber. | Pounds. | Value. 

Western Bank........-.- 93 | 5,541,716 | $125,209 | 7,696,371 | $129, 285 47| 29,518 | $5, 021 

West of 66° W. longitude. 

Browns Bank..........-- 2 | 29, 500 1, 030 37, 000 1,741 1 213 | 44 
Georges Bank.....-....-- 217 | 3,919,720 | 103,883 | 12,110,375 | 276,132 159 64,399 | 11,360 
South Channel..........- 296 | 1,592,256 | 46,915 | 14,063,788 | 357,667 | 177| 61,659) 11,639 
Nantucket Shoals........ 28 | 78, 755 2,548 | 1,970,990 | 60,138 16 2, 024 382 

Totals csanistsccutee 566 | 11,161,947 | 279,585 | 35,878,524 | 824,963 | 400| 157,813) 28,446 

BY OTHER APPARATUS. | 

East of 66° W. longitude. 

La Have Bank........... 46 | 2,431,574 | 52,002 368, 371 4,992 32 | 182,245 | 26,566 
Western Bank..........- 80 | 6,323,026 | 125,083 947, 611 12, 888 39 | 376,804 | 54,288 
Quereau Bank..........- 43 | 1,019,020} 22,105 4,918 47 41 |1, 076,508 | 151,278 
Gretn) Bank... 2: .<-3<-- | 28 366, 828 7, 787 220 Zi 20 | 498,788 | 72,536 
Grand Banks.22.).22.2- 2 61 | 2,290,609} 44,818 639 8 54 |1,648,799 | 198,797 
St. Peters Bank.........- 6 828,766 | 16,163 1, 143° 11 7| 192,329 | 27,094 
Cape Shore........-....-! 10 285, 159 7, 898 93, 965 2,552 3 2, 679 607 
St. Annes Bank.........- 1 392, 304 (63 Cd a A es Oe Ss a eee eee CE Te 
Mie Gullye ace scl bess 2 | 8 101, 386 ta ys Sl &| 241,926 | 32,779 

| . 

West of 66° W. longitude. 

Browns Bank...........- 322 | 8,506,561 | 256,281 | 7,776,678 | 252,607| 248| 259,689 | 45,122 
Georges Bank...........- 482 | 14,385,093 | 379,961 | 6,556,020 | 107,979 | 265 828,186 | 117,697 
Washes. a0. eb 1 9,500 | 406 |: Pane es eee 1 610 95 
Fippenies Bank.........- 5 28, 305 | 890 14, 755 737 3 890 141 
Middle Bank............. 45 198, 845 6, 567 409,540 | 15,745 21 3, 042 476 
PLATES BAM Kees icinocinoteeate 60 190, 454 7, 146 107, 763 5, 164 29 3, 614 479 
Jeffreys Ledge.........-- 303 917,784 | 38,064 1,788,817 | 80,908} 155] 11,770| 2,137 
South Channel..........- 467 | 4,754,412 | 164,367 | 12,583,029 | 370,477| 355 115,525) 20,368 
Nantucket Shoals......-. 14 144, 180 5, 385 70, 400 2,658 3 241 33 
Off Highland Light...... iy} 1,975 75 4, 050 162 1 90 23 
Off Chatham............. 35 193, 142 7, 726 772,560 | 29, 000 23 2, 849 618 
Sealeislan dt ew cccciecrne es 1 | 11,300 379 26, 400 792 1 30 3 
Shore, general...........- | 2,713 | 5,217,541 | 204,113 | 2,929,864| 97,658] 141| 35,428| 4,474 

Notalens. saat teee 4,732 | 48,597,764 |1,355,694 | 34,456,743 | 984,437 | 1,450 5,482,042 | 755, 611 

Grand total........ 5,298 | 59,759, 711 |1, 635, 279 | 70,335, 267 |1, 809, 400 | 1,850 |5, 639,855 | 784, 057 
| 

VESSEL FISHERIES AT SEATTLE, WASH. 

In the vessel fisheries at Seattle, Wash., there was a decrease, as 
compared with 1921, in the total quantity and value of products 
landed by the fishing fleet, and an increase in the total quantity and 
value of products landed by collecting vessels, the increase being due 
chiefly to an increase in the landings of salmon. Statistics of the 
vessel fisheries at Seattle have been collected by the local agent and 
published as monthly and annual statistical bulletins, giving the 
quantity and value of fishery products landed by American fishing 
and collecting vessels at that port. 

In 1922 the fishing fleet at Seattle landed 836 trips, amounting to 
11,332,050 pounds of fish, having a value to the fishermen of $1,249,- 
822. This catch was taken from fishing grounds along the coast from 
Oregon to Portlock Bank, Alaska. The fishing areas from which 
the largest quantities of fish were taken were Flattery Banks, west 
coast of Vancouver Island, and Hecate Strait. The products included 
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halibut, 9,938,150 pounds, valued at $1,196,390; sablefish, 1,014,100 
pounds, valued at $46,652; ‘“lmgcod,’’ 258,200 pounds, valued at 
$4,509; and rockfishes, 121,600 pounds, valued at $2,271. Compared 
with 1921 there was a decrease of 30 trips by fishing vessels, and of 
2,334,650 pounds, or 17.08 per cent, in the quantity and of $173,481, 
or 12.18 per cent, in the value of the products landed. There was a 
decrease in the catch of halibut of 1,542,850 pounds, or 13.48 per cent, 
in quantity and of $139,268, or 10.42 per cent, in value. The catch 
of sablefish decreased 505,300 pounds, or 33.25 per cent, in quani‘ty 
and $17,033, or 26.74 per cent, in value. The catch of “lingcod” 
decreased 205,100 pounds, or 44.27 per cent, in quantity and $11,882, 
or 72.49 per cent, in value; and the catch of rockfishes decreased 81,400 
pounds, or 40.09 per cent, in quantity and $5,298, or 69.99 per cent, 
In value. . 

The fishery products taken in Puget Sound and landed at Seattle 
by collecting vessels during the year amounted to 15,083,390 pounds, 
valued at $964,832. The products included salmon, 13,615,780 
pounds, valued at $882,481; herring, 261,890 pounds, valued at 
$3,158; sturgeon, 1,100 pounds, valued at $130; steelhead trout, 
122,820 pounds, valued at $12,542; smelt, 192,350 pounds, valued at 
$16,795; perch, 30,800 pounds, valued at $2,114; rockfishes, 115,490 
ounds, valued at $6,720; “‘lingcod,’’ 8,000 pounds, valued at $160; 
ounders, 94,100 pounds, valued at $1,683; sole, 163,500 pounds, 

valued at $5,679; and crabs, 477,560 pounds, valued at $33,370. 
Compared with 1921 there was an increase in the products landed by 
collecting vessels of 2,654,865 pounds, or 21.36 per cent, in quantity 
and of $185,954, or 23.87 per cent, in value. 

Statement, by fishing grownds and months, of quantities and values of certain fresh fishery 
products landed at Seattle, Wash., by American fishing vessels, 1922. 

| 
Number | . 
of trips. | Halibut. Sablefish. 

| 

| 

BY FISHING GROUNDS. | 
| Pounds | Value. | Pounds. Value. 

Orepor Coashes stirs ie) {Stk PA eh - tb 2 | 12,000 | $2, 430 | 3,500 $195 
Flattery Banks Be asian nix =a asst eieee'= seeapsle 342 | 2,455, 500 326, 059 805, 400 37, 962 
West Coast, Vancouver Island..............- 195 | 1,849,500 | 226, 752 99, 00 . 
Queen Charlotte Islands grounds............. 38 | 512,000 | 67,061 10, 500 450 
Nicest en pn oe gees ese eagek ae ae 4, carpe 500, au? 93, 200 3, 285 
- é STOUNGS.. .. ccc cece cccsccccccce ie Pty te) hee ¢ slle LAM Alte wclsiaae cee silica eee cec cece 

Forrester Island grounds..........---.-+..--- 2/ 36,000 | A mee eee bores genre 
Coranatianm Island = se - . spit <a siaSeis se sew de Tek 43,000 | TAS 171) RS le ae me 2 
abittat PrOmndss a) sles ean se. ct cece 10 420,000 | 47,950 | 2,500 125 

RPO NOGHERES FUN8 ieee es eS ean 3 151,000 | UU LSE ee perateranarere = lecebbotecae- 
—. ———$— 

i ig eater ane te ee 836 9,938,150 | 1,196,390 | 1,014,100 | 46, 652 

BY MONTHS | 
Peritlary, eee tee o> eee! | SO UAPO). | al) 20 493,500 50,720 22,000 | 740 
LUTTE Gee ain ic, Saeed US i | 34 | 379,000 | 50, 190 18, 000 700 

OREN see ee cis so area ae eNom che dealatiel | 53 543, 200 72,059 7,000 | 340 
area ee shin) AUR ws mel Le eG ed {UI 94 BAAEOOIe, AO LSS! |i 2.25. seen TUL 
5 pally fet) a A plead oe Sp Th Palace ogle Ree 118 | 1,252,300 | | 141,967 7, 500 375 
ET RGaRC sph Aner aed tap oe he 22 0 Rae ad 113 | 1,720,500 162,373 20,000 940 
Ay ape ee REE SE ES Pigae Gee yg a a 423,000 | 149, 69, 700 2,481 
porto eee, SES ee, See | 80 940, 200 113,681 234, 000 8, 270 
RN LENG 4 stated eine acs one icled comes 80 947,600 127,321 128, 200 | 721 
RVBLODED settee ono eee ee 2 ERAN 86 853,000 137, 841 291, 200 13, 815 
NGvEInber 52 fuses os cee ns Bee eee ee se 51 345, 600 , 121 155, 000 , 855 
December. 3< san-a<-—eue axon tae cina= 8 stich oe 19 | 195,750 30,130 61,500 | 3,415 

TRG tal 5 Virseca ware dbus see am ts opimeas metiae 836 | 9,938,150 | 1,196,390 | 1,014,100 | 46, 652 
| 
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Statement, by fishing grounds and months, of quantities and values of certain fresh fishery 
products landed at Seattle, Wash., by American fishing vessels, 1922—Continued. 

| T 

Ricks “ Lingcod.”’ Rockfishes. Total. 

BY FISHING GROUNDS. | 
| Pounds. | Value.| Pounds. | Value.| Pounds. Value. 

Oregon Coasts... aesrsse ce ntee~. a PAA Se ee ee eae 8 ee Ee 15,500 $2,625 
Matteryubanks!, (Coes esis AS 342 | 122,900 | $1,961 42, 800 $787 | 3,426,600 366, 769 
West Coast, Vancouver Island.--.. 195 | 80,800 | 1,508 67, 800 689 | 2,067,100 233, 584 
Queen Charlotte Islands grounds... 38 25,500 470 6,500 130 554,500 68, 111 
Hocatectratis.: 20) Ue ee ees 237 21,000 410 29, 500 565 | 4,528,850 504, 767 
Noyes Island grounds.............- 5 8,000 160 | 4,000 80 86, 000 | 7,360 
Forrester Island grounds........-..| 2igletetela oer isieta| epee cle 1,000 20 37,000 3,001 
Covonationiisiands los 12 eS At 2 PFE ee Seo FETE LS EG gh 3 | in 43,000 4,350 
Wakutat prounds- ss. 2. sarees. CUT PSRSPe Se area enn se DS A 2 422,500 | 48,075 
et) qa kekel id 33:40 ler Si Ge ae OH = fae NHS EY He A RRL Nek 151,000 | = 11,180 

oe a 
otales see anos taco er eee ee 836 | 258,200 | 4,509 | 121,600 | 2,271 11,332,050 | 1,249,8 

BY MONTHS | 

MOWUBIY sees scat ees sacs | 20°} 11,000 220 4,000 80 530,500 | 51, 760 
Héebruary yey he. sda scii chien: 82 34 a7, 000 600 11,500 230 435, 500 | 51,720 
Marci cinch os enc ee birercancrecio seek 53 33) 500 560 | 8, 500 150 592, 200 | 73, 109 
243) al Lapeer ga a Bere eae mem ey Tne 94 60, 900 709 | 17,000 200 © 922° 400 | 102) 062 
Mager” dee A agig. Sey 118 | 17,500 175 7,200 72 1,284,500 142,580 
ING ae eh te nn wine ias ee eee 113 43,000 750 | 27,500 530 ifs 811) 000 | 164, 593 
Datby etna kh es eR SEAS NIE Rate | 88 34,300 | 603 30, 000 535 Mi, 557, 000 | 153, 453 
Apps ds. wicca cigeteelets aero clei e M 80 3,600 116 | 3, 600 190 ik 181) 400 | 122 257 
Seplenibers-oe.oceccansssaceetee = 80 4,700 47 | ~ 2,000 | 20 ri 082 500 | 134, 109 
Octabenss&. SSE ed asar res 86 9,700 409 | 1,500 30 () 4, "155, 400 | 152) 095 
November 51 9,500} 240) 8,300 224 "518, 400 | 68, 440 
December... .....- 19 3,500 80 | 500 10 261} 250 33,635 

OAL Se seer ease ch aces cis 836 | 258,200 | 4,509 | 121,600 | 2,271 11,332,050 | 1, 249, 822 
J | | 

Fishery products, by months, taken in Puget Sound and landed at Seattle, Wash., by col- 
lecting vessels, 1922 

Species. January. February. March. April May 

| 

Pounds.| Value. | Pounds. | Value. | Pownds. | Value. |Pounds.| Value. | Pownds.| Value. 
Sturgeonte ees co 4| =o osname coment oes cael eee ten meee er ials me ildl binaries eenle 1,100} $130 
ermine ste. soe ae 90,000 | $1,450 | 108, 400 |$1,084 | 23,490] $234 |........].......]......... hoeatenes 
Salmon: 
MGA ay ob Bae Bee e4 Sac Sco eeeod SHae mace Sectors) cea ecsoalsaosodal lsc + sacrlleHeHsan 370,000 | 35, 400 
SGGKO FO ONTEGL:. Saliie sce coaleta eas =| etemeimca=i|raic's slatel|o ciereteoeemte ame ermal eoraeetete a] tema cic 6, 000 720 

TOMES SLOCINGAG os. <|2 cc ecReecte cae ca deerme bea cea nommee src |ee ceeian| mere cbi Meme ns 30,600 | 3,320 
Renee oe sear a 22,500 | 2,500] 6,600] 924] 14,840] 1,484] 9,640] $064 |........./....... 

Perens 5:2 sehen sea. lancer emanmentse la at6 8, 200 502 6, 000 360 | 8,600 G02) Rome eee arse 
Rockfishes.......... | 7,000 490 | 10,250) 820! 8,500] 510] 14,500] 1,015) 2,000 160 
Flounders..........- 5, 850 117} 4,000 60 | 3,600 54| 6,450| 139] 16,500) 165 
Clee LEU Pen at | 21, 500 645 | 24,600/ 575 20,100] 603] 16,300} 470} 8,500 255 

Clabes aria. . S5 sass 83,600 | 5,700] 78,100 | 5,325 | 39,600 | 2,700 | 27,500 | 1,825 | 21,120! 1,440 

Tiotaleoyy ss ke 230,450 | 10,902 | 240,150 | 9,290 | 116,130 | 5,945 | 82,990 | 5,015 | 455,820 | 41,590 

Species June. July. August. September. 

Salmon: Pounds.| Value.| Pounds. | Value. | Pounds. | Value. | Pounds. | Value. 
Humpback or pink.....|.......-|---00002 52,000 | $1,040 | 150,000 | $4,500 28, 000 $840 
Chum or ketaie 2... f2seeece8. 2 vine occ 33, 600 672 116, 000 3, 480 83, 080 2,077 
King or spring........- 660, 000 $66,000 | 2,350,000 | 235,000 | 1,557,200 | 155,720 | 307,200 | 30,720 
Coho or silver.......... 47,000 | 4,700! °118,400| 5,620 | 2,254,300 | 141,258 | 1,813,200 | 90,660 
Sockeye or red......... 26, 000 2; 600 20, 000 TS ODO See ee Sen cel bcimemacalsocenatece [Store meters 

Trout: Steelhead......... 34,500 | 3,450 24,500 | 2,450 T6S5O0G| enn GOON Aeeeeee ae enmity 
PSV Ei Ait idea Neneh UM RI SH aad ea Ae cen asda athe an wi ieate|| fe ates everett afal| Rare mintaelo 37,400 | 2,976 
Iockifishes? feed sick 8 2s 12,000 | 240 16, 200 324 5,600 448 8,500 — 680 
BAOINGEIS: heels eee cee 14,300 | 280 12,000 240 10, 000 200 6, 600 132 
Sales. ek Rees Uaak Say oe 8,000 320 11,000 440 16,400 | 1,312 7,000 | 280 

otal wer ae 801,800 | 77,590 | 2,637,700 | 246,786 | 4,126,000 | 308,568 | 2,290,980 | 128, 365 
| | | 

ae 
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Fishery products, by months, taken in Puget Sound and landed at Seattle, Wash., by col 
lecting vessels, 1922—Continued. 

Species. | October. November. * December. | Total. 
; eee 

| Pounds. | Value. | Pounds.| Value. | Pounds.| Value.| Pounds. | Value. 
BEL C OOH es Os sacar Gee el - < creen cade eaat «Uefudatsaccdbeacceaee | Ow Bae ey As Bee | fea $130 
[Et ee ae Seen Mee |’ <0 = oteemret Page cece |aticicinw ccc Camere) AOL O00 ie. - $390 261, 890 3, 158 
Salmon: | 
Humpback or pink....... L2RDOON IE e240) .o02-)55.. | Seeceee ScbHeoes ACB aera 242, 000 6, 620 
Cham on kates. 1 kaec8 | 1,400,000 | 25,000 | 464,000 ($18,560 |.........|........ 2,096,680 | 49,789 
King or spring/.. 22 22i8--}( 108, 5000/00, 850! |). .14, 500 | 1,160 |.. 2... 2}he.....- | 5,367,400 | 534, 850 
Coho or silveres... bie .2 1,320, 600} 26,412} 304,200 | 18,252 |......2../0....... 5,857,700 | 286,902 
Sockeye or'red-..... 233... Ve apa gs 2, ae |S RS ES Om eae WeeeonthellSanqecee | 52,000 4,320 

Trout: Steelhead............| 10,450 | 1,045} 6,270 BOTS Bate he 7 Poe | 122,820] 12,542 
PAGERS os Ice BAL AS | 32,300} 2,740] 14,070] 1,407 | 55,000 | 3,800 192,350 | 16,795 

BELOW ian gaue ca wen ccacieentec I late aie ofa erehapell datsiaie) <i <\| ere Sm oe | nlalel Seapets | 8,000 650 30, 800 2,114 
Rodatishes PAG 55.0... Loeb | 10,140} 800:} 8,300 498 | 12,500 735 | 115,490} 6,720 
Se ile eS Se a : 160M Paes 5. 23 | Renae fe ata dice nem eaters Yap 
Miguritiersecos seas. -~ 2 COE LIS... 2B tS 3 A 6, 800 136 | 8,000 160 94,100 1, 683 
Sola eoee GG 5! BLS 7,600 304 | 4,000 120 18,500 355 _ 163,500} 5,679 
Grabs: cee eS... 52 KLE 63,800 | 4,350} 70,840 | 4,830 93,000} 7,200) 1477,560| 33,370 

eseeee teon pre sts Cl = See eee aboe Sa 
Motal Menge .-- 32 AD | 2,973,390 | 71,901 | 892,980 | 45,590 235,000 | 13,290 | 15,083,390 | 964,832 

| | 

1 21,590 dozen. 

FISHERIES OF CALIFORNIA IN 1922. 

Through the courtesy of the California Fish and Game Commission 
the bureau has received copies of its monthly sheets showing the 
catch ot fish, by species and by counties, for California, and also the 
quantity of fish imported into California from Mexico, during the cal- 
endar year 1922. These statistics have been compiled by species and 
by months, as shown in the appended tables. 

In 1922 the catch of fish for California amounted to 168,969,733 
pounds, an increase of 41,241,110 pounds, or 32.28 per cent over the 
catch of 1921. The species taken in largest quantities were pilchard, 
93,399,900 pounds; albacore and tuna, 17,920,019 pounds; flounders, 
11,341,262 pounds; bonito or skipjack, 10,998,855 pounds; salmon, 
7,235,124 pounds; barracuda, 4,710,753 pounds; rockfishes, 4,238,480 
pounds; yellowtail, 3,111,198 pounds; mackerel, 2,466,762 pounds; 
white sea bass or squeteague, 2,195,932 pounds; abalones, 1,523,394 
pounds; and shad, 1,109,445 pounds. 

The imports of fresh fish from Mexico in 1922 amounted to 
12,146,066 pounds, an increase of 5,446,249 pounds, or 81.29 per cent, 
as compared with 1921. The principal species imported were albacore 
and tuna, 6,179,754 pounds; barracuda, 1,528,770 pounds; bonito or 
skipjack, 1,792,592 pounds; flounders, 817,304 pounds; white sea bass 
or squeteague, 736,220 pounds; sea crawfish or spiny lobster, 640,466 
pounds; and yellowtail, 303,292 pounds. 

Products, in pounds, of the fisheries of California, 1922. 

Species. January. | February. March. April. May. June, | July. 

Albacore and tuna... | 695 1,440 72 ee eerie 149 875,364 | 9,386,822 
SAMICDDVIES~ --o 2 cs>- << 32,613 | PLR ST rae er 7,375 96,717 | 27, 511 37, 470 
Warracuda:..t6-:-5-.:- | 25,220 115, 880 554,140 | 527,589 | 1,213,656 | 634,650 | 369, 462 
Bluefish, California or 

squeteague........... 3, 352 | 3, 422 17, 806 1,440 925 1,735 | 5, 677 
Bonito or skipjack..... 17, 947 2, 853 9,591 4,190 695 5, 580 | 31, 471 
Ree es eee Oe 2,851 5, 835 10,776 3, 367 16,723 | 4,140 3, 894 
TC a ee EE 18, 374 14,547 28, 648 7,114 SOOG fosacscsaceclees LUO 
MACUIMULETS 5 oon skeccece 988,803 | 1,022,552; 1,174,570 879,955 |. 867,028 | 1,253,309 838, 590 
STI Vc A 345 870 260 4,424 | 3, 600 | 13,998 | 7, 537 
Harihioad 222.2022 .2- ce! 5, 644 3, 160 18 BSG Jose cls eek ee ees She ses Pree fo 
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Products, in pounds, of the fisheries of Caliore 1922—Continued. 

apauen January. Hebmaryn March. April. May. June. July. 

Herring, on cece te ee 126, 788 98, 592. GA 085\| eee oo alls Rees eae 
Kanetish yee eoe ene 30, 323 52, 722 127,350 | 109, 600 81, 419 36, 250 27, 861 
COTIN COO] saceteeeees 45, 530 | 39, 314 47, 565 32, 826 40, 217 35, 075 | 52, 327 
Mackerel. .2o2 08222... 175, 667 120, 150 | 241, 695 273, 872 228, 454 233, 197 245, 445 
Minlet = eaueseo 2. siengadsaceec|acconececeer UO Zia aes 4, 250 761 899 
**Perches,” surf... “ 17, 995 19,950 | 38, 723 52, 875 6, 296 4,013 | 15,577 
Pike, Sacramento...... 1, 245 | 1, 038 198 190 611 | 298 149 
Pilchard Ws che 6, 830, 874 | 20,949,556 | 14, an 451 | 2,184,939 | 491, 487 58,215 | 1,487, 755 
Pompano, California... 210 | 150 | 100 1,396 2,053. | 2, 658 541 
Rockfishes...........-- 584, 065 566, 356 | 602, 278 326, 968 282, 612 200, 746 | 160, 162 
Sablensh se ek ota 12, 502 344 61, 393 34, 213 8, 294 40, 677 31, 715 
DAUM ON Teee ede cscs ais 11, 786 29, 248 108, 341 501, 938 560, 469 | 1, 725, 650; 1, 469, 933 
Sciulpin Wee ooh ee | 5, 458 4,940 | 3,914 2,619 8, 464 500 e122 eet 
Sea bass, black...-..... 8,518 4,520 | 2, 158 3, 009 b, 152 13, 301 9, 222 
Sea basses, or “rock | | 
Dass 22 IRR EE oo. Oe 9, 394 | 6, 383 6, 410 7, 968 34,734 | 58,349 74, 263 

Sea bass, white or 
squeteague........... 26, 139 11, 305 | 188, 160 191, 496 321, 209 475, 425 324, 465 

had 3. Fee ee 991 186 52, 009 348, 261 675, 248 11; 080),|- cocoa 
Sharks. Cas esl oe 52, 620 31, 647 36, 315 15, 380 43, 055 23, 545 | 14, 413 
Sheepshead..z........- 2, 249 3, 150 880 42 (YS) eee amen | 6 
Skates = el oe Ee 14, 661 15, 920 18, 069 20, 230 6, 650 2,370 6, 063 
SCSI) fads OE ae e eae 30, 388 | 47, 749 74, 130 64, 998 77, 103 44,326 65, 100 
mOlifetallecstacroaessc 2, 056 6, 047 279 102 87, | sensei \dSanesass > 
Striped bass........... 69, 162 37, 115 17, 629 114, 193 142, 959 | D280) fe mie ieeieelee ee 
DUCKOLS hee es 710 PAU al i el ape eg a | ea | cfafctetarure tes Pecebonnce: 
Swordfishess. os 8542 2. eee dis TOS) See Bae ey! SOM ee 300 1,524 
BOMmCOdE eee renee t 4,829 2,975 | 1,034 450 2, 659 2,008 | 564 
Whitebait :..... S8ON | Sas eee ee nee | pomaere bate a 485 6,315 | 39,081 | 11, 031 
Whitefish... 2,641 2, 259 4, 187 2,615 9, 319 187 25 
SY ellow,tails <2 05 822 cck 12, 329 2, 633 133, 730 | 65, 930 207, 289 162,614 | 243, 893 
Other fish) Silt tek 16, 353 44, 392 16, 037 5, 828 16, 142 21, 086 13, 706 
Grabsssbee pipe. wuss 116, 512 147, 180 46, 420 84,722 | 101,288 41, 492 27,940 
Shrimipsgesssss sce 51, 213 38, 311 71,031 | 141,406 | 124,252 128,020} 62, 210 
Sea crawfish or spiny : lobsters okie oy 66, 074 TMS A ies eR NEA eR AT pea lol hl in {Era Melee 
Abalonesst as hs J 79/043) |2 See eed | 120, 907 83,770 | 162,052 | 203, 435 243, 308 
Blnmss eel se vad 48, 233 44,411 | 54,027 46, 125 58, 647 48,776 53, 898 
Gries (ices ots oe 1, 445 863 2, 562 3, 490 6, 024 4,496 2, 104 
Musselsijeh et nee. 2,679 2, 546 1,814 2, 559 4,576 8,381 8, 812 
Oysters, eastern.......- 5,547 6, 453 7, 346 4,738 2, 498 2, 435 2,077 
ctopus Bie eer es 5, 547 10, 296 15, 452 8,943 12, 805 14, 288 9,701 

Souwid ss. f2: Som bese 471 15, 743 11, 784 3, 188 64, 169 74, 098 1 
PUCICUL GS src s aicee ol she oc am ciel eine ene alae ae tetera MOS as eae soe tel ner ee eee Eee sed 
PYOBSELL LISS) esa ele ra Eee Ue Sa RA Sa a LOOMS 8 ENTE eed CREECH Ee See 

ovale ee se ae ae 9, 569, 017 | 23, 638,470 | 18,392,562 | 6,177,008 | 6,002, 200 | 6,534,805 | 15, 348, 796 
U 

| 
Species. August. |September| October. | November.| December.| Total. 

Albacore aNndtuna 2-21. saisins 4,711,620 | 1,965,151 772, 025 168, 607 37,850 | 17,920,019 
ACH OVIOS! Ae ad) ac weccasictee ee 31, 353 19, 275 21,919 DO ODO se eee scsi 358, 816 
Barracndatt 522284). Seat. 322) 480 140, 457 339, 118 378, 585 | 89,516 | 4, 710, 753 
Bluefish, California or sque- 

teague. Kee dsnisscuiswiges ae utese 5,118 5, 073 3, 849 2,160 | 9, 474 60, 031 
penta or skipkack............ 2,741,407 | 6,216,812) 1,910,044 46, 947 11,318 | 10,998) 855 
ity Ee SRE ee i PF 9 RE, 9, 573 171 1,065 3,261 | 5, 257 66,913 

Cathsh FANON | UTE 677 2, 804 15, 836 19, 244 10, 229 | 125, 679 
Wels. ns. ski ele ageboesstisers eee 20 phrerye Pe Sia slots. SS eres Bes: 20 
Higundorss: socect em eee. 971, 155 863,697 | 938, 136 864, 202 679, 265 | 11,341, 262 
(SHakevait. atari ah sleet f 9,077 8, 045 21, 860 4, 050 450 74, 516 
ar dinead ee ae een ema ral sneer n e ee een re 1,316 5, 848 1, 490 32) 143 
1 2 Koala Le Ysa Oa Re aD DE SO ae eas Pearse ea Peppers S08 Fa 295 57,911 | 327, 671 
I Gisa Ted eI Yee pie heiaea a eee? OE Uy 7, 708 6, 852 | 17, 003 37, 972 46,638 | 581, 698 
SLANSCOG 2 cee cdc eOeek aoe 69, 979 68, 406 68, 509 48, 039 | 25, 694 | 568, 481 
iMackerels.tas.0s costes eeeeeee 127,592 | 172,353 179, 854 215,886 | 252,597 | 2,466, 762 
ISU ATS Re eee Me se Neer ee CA 1, 023 GALL eee ese a 5,095 | 10, 668 | 24, 364 
{Perches iSukt Heep eae eae 16, 976 8, 302 16, 960 25, 131 | 14, 841 | 237, 639 
Pike, Sacramento............. 305 131 | 34 364 2, 876 7, 439 
Pilchar dss Rise 4 SD 6, 637,365 | 7,838,542 | 10,200,583 | 9,295,815 | 13,004,318 | 93,399, 900 
Pompano, California.......... 961 1, 509 1, 682 Gaal 669 | 16, 050 
Boacinhishes | ek aes. oc 293, 219 195,592 | 278,012 375, 381 373,089 | 4,238, 480 
Sabletishe een Gan cen Lb 11, 158 1, 408 | 5, 594 15, 358 21, 598 | 268, 554 
Salmon... ..| 1,706,929 865, 816 102, 931 111, 786 40,297 | 7, 235, 124 
Sculpin’ lS seckcustetouersee 110 | 1, 189 | 1, 676 8, 955 4,105 41, 930 
Sea bass, ilassteet got ie ete oS 11,716 3, 751 5, 309 9, 943 7, 093 83, 692 
Sea basses or “rock bass” ..... 67, 065 26, 813 4, 897 | 9, 544 5, 542 311, 362 
Sea bass, white or squeteague. . 368, 348 177, 958 57, 022 32, 222 22, 183 2, 195, 932 
Shade sc0iy (Se Maa aS, Siege 13, 247 829 | 3 5, 567 2)024 | 1,109, 445 
Silane. Ui nap en a 9, 093 8, 562 13, 350 13, 225 20, 813 ” 282) 018 
Sheepshead .................-- 118 | 30 i daee cece 1,374 9, 637 18, 183 
Skates. Wiss a aoe iy i 3, 851 1,654 10, 535 8, 362 12, 845 121, 210 
ARGH aa Ve) cof eaea  Ra plg i al See h 43, 136 84, 130 124, 286 96, 573 71, 009 822, 928 
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Species August. |September.| October. | November.) December.| Total 

DpltcGhile ce .ooesepecs. o8.25 206 S12 loses cite: 16 803 10, 408 
BIPALUCACLLLOULS 2. tncetcaters os) snsteenecs ss = DOA "|vasaceleasmer LAST eee ues ance 2, 490 
gurl pe DaSSe, sedade ssh ines 5c 90, 590 62, 279\\|. esa aea see 64, er 94, Aw id is 
CCT Stee sein ao. | eat aod sol. desea scene att lee mate Memes 

Swordfish. .........2.2sc0.-00- 8, 190 11, 921 328 485 323 23, 256 
Wp mica. Bee 5% Shes. 11,911 5, 332 BGM ARS igs 33 32, 114 
WH ODAli ee oko et cnc ebe et 12, 390 7, 365 4,451 | PUGS) | Lape aee eae 84, 007 
Wess ee. Meee Ace eles. oe ee 2,308 375 2, 028 1, 845 27,789 
Below tae Lass abet demak cent 424, 997 637, 364 757, 430 418, 850 44,139 | 3,111,198 
Other fish lol. ee Fei, 10, 620 8, 405 27, 010 52, 803 18, 836 251, 218 
Crabs ; 102,806 | 120, 274 788, 634 
ey A Sere ae cee | ts 74,659 | 112,602} 88,935 | 58,607 39, 103 990, 349 
Sea crawfish or spiny lobster...|.........---|-..-------.- 65, 420 99, 651 93, 830 376, 310 
PAGHEM ERs opat an cevetencncs 214, 277 202, 731 63, 371 84, 739 65,661 | 1,523,394 
COPNSC Rye gee Oa Renate 50, 616 48, 896 42, 655 41, 427 39, 108 571, 819 
Cockles 17 eR eg parRCnree 2, 973 31, 564 

RISSGISS 4. AEC. coe daa shh th nwce 5 
@ysters; easterns2 2. oS. oS. 6, 534 59, 121 
Oct 6, 834 98, 588 

Turtles. Sean es. 
Frogs 640 

19, 785,998 | 16,175,383 | 12,814,649 | 15,427,074 | 168, 969, 733 

Mexican fishery products, in pounds, imported into California, 1922. 

Species. January. |February.| March | April. May. June. July. 
| | 

Albacore and tuna.............. OGG T § c Ate | aakeuerr ee TORS DOF 0s Meee = am cers sree ees 
Toa at hobo ae ie Laat aig aed 320,614 | 224,424 | 235,027 | 16,519 OEROw Se gk Cees 5 550 
Bonito or skipjack............-- 21,145 1, 876 SEDO ACG) ete nae sea asHbacicsedl eae e oc 
SCULGTH) C65 (Gl ps eh ae Mee ee ee eed 48, 411 39, 668 16, 287 16, 948 37, 680 72,337 97,646 Kin ? , ] 30 , ? 65 

Mackerel ..............2.-c2s0--| 15,162 | 4,565. eh MEET Se alt aad 166! |bceetae ela eae 630 
WMG sere rc. cccstecscsckemee FON a aes Seiegcie SL PERI LA fos la Sete SBEsSe hare Bparber ise 
IROGESISHEG Sa Ak co cans aoc setee 18, 327 1,765 BUOMIP cet orcas |Mpeakeee ne 305 135 
UMP Sere h tora = ols Seine aanis & <oimia | ayciais s Sates 90 | Ll fea Be aee ead EGaE ROR aA ee seeders 
Sea Massy DIdCK. cess shoes 3, 903 ESO) hn stew nl ee meee esaencaaa 90 480 
Sea basses or “rock bass’”....... 447 650 tect Ree apis 4) bape a ba Re 20 
pa “Say white or squeteague.. . #, 4 an 15, 250 | 17, 952 1, 400 1 ed 49, a 
PCG Haan eee coon te cer ee ect oeeh el SAN! WSU fince Seen sodeceees Heidel 4 cated 

Wiiitetight oes 260 see e2 Ae rae Sh aR SS | (oi aed Joes we Cai 9 p> MeN On ee 
ieuareicaiean.. Ss eehueNs ae t< 130,501 | 54,706 | 83,885 Se hate htantl PR Seats Sate 8, 135 
Othermashie cecceccc ccc ccce cece 328 FEY cee nce eee Treat eee ee Bele cies trees [la care eo mneante 
Sea crawfish or spiny lobster...-| 109,561 | 115,332 | 195,524 BGUSGS eee recee ee eoeocas ccs saat eeese 
hy a NLT SS ys RS Se ee |e S| REE ae aa le GE: 21, 085 Pi bse 
‘Reirtles Saeco ws ce oom: «phe ATU ch eediey Sem EUS EET eee eee eee 

LUGS AS sued) apenas pp eos 715,240 | 446,188 | 556,260 | 189,964 | 222,563| 76,732 | 157,877 

Species. August. | September.} October. | November.| December. Total. 

Albacore and tuna | 832,083 | 2,417,017 | 1,961, 417 734,076 | 6,179, 754 
PB ATIACHIOS ou otc sc eakcacal 203, 398 "126; 669 | ” 189} 636 2097 069 i 528) 770 
Bonito or skipjack 1,144 307,325 , 1, 184, 091 274, 281 L 792, 592 
onne GTS. --eeeeeeeeeeeeees ee 200,415 25, 981 5, 060 4,497 B17, 304 

PAS sy epost en tae eo ens |aoatesoecs| ln fhe S80) (aekeclese Selle iseseceteeel boscaeceasen 
a Fret aetateeato met aso oa cise 7, 208 220 | 355 he 29, ne 

Be io Ser Aen aya ee ln a cam tals wowenececlcescceSscseeleetebesscessultcssceeeet ce 5, 555 6 
“Perches,” SUIf.......-.--+-+0+-|-- 75 250 | 2, 255 3) 492 6, 142 
Sue, Walifortides sc cc ccsca|a ete oc aae ltt ee As ames nesses eeee 260 112 372 
ceianetg CSOPs 2. ace Senne cosas es 30 1, 265 1, 607 | 165) | Joxdocc cee Se 24, A 

CHI pHi ess en S Rte. cok. Seo acl Sociale netics deae sur seared asia metektesteleucedasnasdadt 
Beeiteasa hinge seer eres of oe 1, 200 WTO Ee koe 5, 429 13, 662 
Sea basses or ‘‘rock bass” .......|.....-...- PA0P Ls ee ci ese 215 1, 154 4,689 
Se isa wt hite or squeteague...| 116,401 209, 841 258, 824 5, 954 18, 281 736, 70 
pera Lee eS 8 een Eee eee DP A RI a Ot USE eee y 

Smelt ag 738 542 1, 506 70 1,913 i, oe 
Wihitetigh(=< 2.52 c rece ee ee oe ne eee ee ee sched ee oak l sees cele tenes ’ 
bag = Sion Sita oe ae ees 1,630 | 10, 488 3, 159 | 1, 095 5, a an, rk 

ertishie ses. ca Oe ee acs 11) | ES So gO tet aR 8 2,16 
Sea crawfish or spiny lobster. ...|....+-.-2s|+s+eeeeeeee- 16, 333 |” "85, 628 71, 825 640, 466 
ate Ineaceeemea [22-772 Tae oe ay eaiagae Ra pan ae aos 
7S RS RIE SEATS (7 EARS A CI 2 “ei 555 | 3, 407° 3, 059 12, 521 

Total | 1,559,618 | 3,159,538 | 3,439,608 | 1,341,035 | 12, 146, 066 
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FISHERY PRODUCTS RECEIVED AT MUNICIPAL FISH WHARF AND MAR- 
KET, WASHINGTON, D. C.5 

The receipts of fishery products at the Municipal Fish Wharf and 
Market, Washington, D. C., in 1922 amounted to 6,442,663 pounds, 
a decrease of 2,624,081 pounds, or 28.94 per cent, as compared with 
1921. The five most important products in quantity were sque- 
teagues or “‘sea trout,” 1,138,730 pounds; oysters, 1,744,918 pounds, 
or 249,274 bushels; croaker, 779,776 pounds; river herring, 559,070 
pounds; and shad, 488,148 pounds; total of 4,660,642 pounds, or 
72.34 per cent, of the receipts at this market. The species ranking 
next in abundance include bass, butterfish, catfish, halibut, perch, 
striped bass, and crabs. 

Fishery products, in pounds, received at Magne Fish Wharf and Market, Washington, 
D. C., 1922. 

Species. January. proies March. | April. | May. | June. | July. 

Bass} black of seat ose ios eso. 4. cee | 29,500} 25,850 25, 400 Woassue Aes 6, 800 4,600 400 
BOR SH Siete new sine sa coe ete ee AEE o 118720.) SRA || ASSP Aree ESA AA aE 
BIUGUSD Te SJccccncccosecioccmesr corer cee S00l ome pscec|ccesbessaalsecarcens 700 1,600 2, 400 
IBivtternish!: 2.25.8. dds coyethde cee catene 9, 700 4, 600 2, 000 3,450 | 15,200 | 16,100 | 14,700 

Fy Osa 1 MO URINE REN A anc CR TT bi 17,881 | 10,900 15,835 | 6,400] 8,787] 4,440] 1, 
Catfish oie roccc. sees sc eee ere 18,060 | 21,300 64,545 | 21,285 ; 7,529 1,540 

BSN a cade a aeekenttbes dues ae 4,700 4,300 2, 600 800 100 8 
(2) 7 V6) 0) (ea Sate Parner ey ple i ek Mek SIE ee SOO eS eae cits Bitscac > cas eae cae nal meee womtoe ener 
Onbaker sae anise tec lp 20,200 | 13, 100 78, 708 | 148, 408 | 120,100 | 117,305 | 135, 955 
VOCE Ey ae ae A ling abel IT ae) SR aM fed SN Ont ll Meg 415 256 TSO! EE ce tem cmheaeenioae 
MIOHTIGOISE pastes ce sedos dens oe decent ens 16,900 | 10,300 21, 450 3, 003 4, 066 6, 760 2, 050 
Gigzardshad Soo. cccscwap ss cece poeeeee Ti ADO | 5 some oe oe De acee Mi gete se coal aloes coca | beecreee crete [rete e 
Pruddock aascons eed eit hoes plans 1,600 | 3,300 9,950} 1,200] 1,240) 5,200] 4,100 
Tae ea a eee UIE hed ee baht te GLEE | 15,300} 7,400 DURE Le PPR Mel ere SEE Ey alt a th ag ES 
EPA DUD Cee eemeeaccnetacsceetor cece 26,000 | 16, 400 15, 250 9, 345 9, 502 6, 600 5, 250 
Herinvariver.ccccecer: cool he oeecc ee 1* SGe 33, 200 261,835 | 206,955 | 50,050 15,030) |Saceciews 
Hickony.shad or ‘jacks’? 2c ese Sa ee ale snes stents 950 400" oan andeoeienicisaliccinise aia 
Mackerel smnsasaonccktaanovcsst vanes wel eee apenas 7, 900 9, 600 3, 400 4,900 | 10,000 3, 650 
ROTEHN save siattcs/cisisinine ciaeee as cemon ee 12,300 | 12,300 72,300 | 17,608 4, , 828 725 
mike orpickerel. oleh teen teehee ton LE WSO ere eee a 250 LOOT oso toeal eee onaalebiatests 

EVV er eh ais aie nal aD Beales 0 ae Be 2a, 5, 200 5, 300 SOO oats eet ewete ce tiee 400) ee ees 
ReagushlOmrend druimlcsses seetenouce sce leccreee ee SOO} cramaactetee Sisiecevecmelse teenies VQ00eaoss awe 
Red isnapperssvecccecsclcccsccsbocas ee 500 LS GOO) | ss verse <bepers ciipias's Do pcal a betsiee ae alisian amecta elineibiantamts 
Salmon eee eee het eke 4, 200 3, 700 6, 100 1,100 100 4, 550 800 
eae ON DOLEY oe cence ee ew cane cen tee re | seems | amecinen celine neste ec omcan ents 2,500 600) oe eoma 
SUNY liebe here ia he halepa eli apaiet aeytenes Va 17,900 | 27,900 84,590 | 224,828 | 80,903 DIN eet ececs 
SIMO ba ct se maawaisets atom civpiscie bck DSTO ees seas QS DUD) Hera nisietecl| etec meses aia fe wiaeta = eben eee 
3] 0121 Rpg al tel My I) eh 4 RI I aa ea 2, 100 3, 200 3, 400 5, 810 
Squeteagues or ‘‘sea trout”’........... 80,000 | 66,700 34,000 | 87,400 | 294,700 | 165,300 | 67,330 
SUTIPCMDASSEnsatccesicee seeauiec eines sas 10, 530 9,375 54,995 | 28,335 5,890 | 11,751 7, 385 
Stungeon’s)) 7 eG sae aC eu es Oe a che at ae pip re ee SRS Eaten eleinreletinae ZOO) Se tae cate 
STHIGHSH tee ee ean cc deco cdewen Eb sau acoso 1, 100 2,025 850 | 400 200) | etocreie cree 
Ee Bee sec utenneme BFB00 eas Rica am reiere rats oe eumieeel| cine ote ete lstesltscepetaterer= wis (eratetate beets | eee eee 
Clams, ATA 1... eeneeeeererereneeees 2,176 | 2,048 7,136 | 31,264| 5,376 | 6,688) 6,528 

ysters: | } 
Inthe shell sch: 2-day ae 338, 800 | 250, 600 240, 289 1,736 O60) ainleierapiecs Peso ciate 
Onened ort so sas ca aN moc cess 261,525 | 170,775 162, 731 S54 Ae er ccs ol sarees Neptaure me 

SeallOpsedecc nc ccc cde cncsscceet wacosel coses sec clecetise selsoeeeeeseas DTOM oases sicle |e oiniciamniavel oeeteretae 
LCE) C7. ei pee FN 8 So ge 1,995 | 15,345 | 57,398 | 50,875 
GCrADMGAat: We SNSM: cee ce cue det or cea tama eee a looters 895 2, 250 6, 900 8, 460 7,965 
PITOGR EAU Ebi Se ee LS MA os eR eo ee eee 600 GLU 2 cn eieets 2S eiertasiente 
SG) ac itz) a ge A SBS PO aes ee UN Re eS Merce teen bee te eee 150 5D letreemtais 
Fete erU'ca oye gee MUR ERAN I TUE aa Maree) 1, 250 800 150 750 700 400 300 
MATTOS saat esi oe kaos aes me onc eae aU] Ree | sete eae os! ec ee aul 16 SON ye cemseccs| aaeenaee 

Total ese eo as se ae | 919, 002 | 712,948 | 1,178,599 | 806,398 | 653,623 | 444,266 | 320,013 

6 Daily reports of the quantity of fishery products received at this market are received by the bureau for 
tabulation through the courtesy of the health department of the District of Columbia. 
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Fishery products, in pounds, received at Municipal Fish Wharf and Market, Washington, 
D. C., 1922—Continued. | 

Species. | August. joi het October. Never; Dept Total. 

BASS DIACK OF SOB Ss creccac sie cccaccsetee. | 115, 035 
Hmialonshe el). £0. 22s eS - 1, 200 
ISVS TIERS RRS ee RR UT Sy Fe 31, 950 
ISTUULORTISH sss ce eee ce tn pee acic- oye eee 120, 550 
MEAN ies od Pals oes tone one hs lot deans 80, 743 
CHETSHnee ty ge Noe vale Shee a 210, 311 

Pea eee eee a eee rs hE | 21, 600 
MODE D DIG sees etre = oe antes SecGen A 800 
Cromrera coe ee eels lai) de eS 5 j 779, 776 
elsts.- 282i Ad ORT) ad 800 Be i 
Wioumders.crt bg adas cl eens ands Ho eneet 86, 729 
Gieraraisnudere csc tet ean et co cc cccmes 22, 800 
Praddack: epi es ee 5 ae 51, 790 
HIBROSS: Se semeee ateeis ated bes S50 eed 1, 
Tah Dutass as 2 1. 132, 901 
Herring, river.......... 559, 070 
Hickory shad or “jacks’ 1, 350 
Peinonishese. so basse 200 
Mackerel? i o'5 os. sic 54, 860 
MEI GE te etree ese 675 
LAL G) 0) 4 See a nS pee Cees ee 166, 616 
Hike or pickerelses: baci Ls 100 89) 2, 870 
Balockes fave e sue, eee 12, 100 
Redhshroer ned Grim se... een cc. seas ; 
RUCG STAD PEI eee eet ween erence es = 1, 500 
Salmon. - coors stows. Vase eset ek 38, 325 
SGDiOn DOLty, ss Fess nas -becs esse cee Z 4, 500 
SIT le ae ea Re a2 al Dale Nera Ga ol 438, 148 
reTt) | igi po Sane Oe ae Re iets tae Ae 4, 
5.0) P< ee Se Sele A ATR Ee RES. 2 NES. oe 6, 655 12, 700 4200 Wisse doce ats 38, 065 
Squeteagues or ‘‘sea trout” .............. 78,000 | 163, 900 68, 100 19, 000 14,300 | 1,138,730 
Erenet DASS- woe! shoes hh Yys-cins oeeeaes op 1, 000 16, 325 23, 675 17, 400 5, 975 192, 636 
PAGEEPPRAT elalac Se ae Nee eee eee ee eee eee AEE ACE RSET URS 3 7s 250 
PICHIS ISLS. JOR Sees ten bet eeice Peat mbccbte eh eee. Ceaeies DS. el ea 4,575 
WERT eee eo xh ar ay eee me ee SP Sa oc ce ete Ye ELS Be Bone 400 8, 700 
Claris Mandel yo 325555, to leas det oted sale 3, 392 4, 256 2,304 2, 464 1,344 2 74, 976 
Oysters:! 

tine: Shelli .y-0:. Seta ek wari. Beas 18, 837 68, 600 70, 672 52,955 |* 1, 043, 049 
aE : 4701, 869 

110 
202, 143 
40, 037 
1, 211 

200 
5, 325 

3 867 

Aye 7 ae eae Se Gree fete 212,326 | 392,846 | 292,391 | 264,655 | 245,596 | 6, 442,663 

1 The clams have been reduced to pounds on the basis of 8 pounds of meat to a bushel, the oysters on 
a basis of 7 pounds of meat to a bushel and 8} pounds to a gallon. 

2 9,372 bushels. 
3 149,007 bushels. 
4 85,075 gallons. 

NOTES ON SPONGE FISHERY. 

In 1922 the quantity of sponges sold at the Sponge Exchange, 
Tarpon Springs, Fla., was 526,885 pounds, valued at $699,092, of 
which 248,475 pounds, valued at $596,199 were large wool; 70,478 
pounds, valued at $42,286, small wool; 115,455 pounds, valued at 
$37,637, yellow; 84,892 pounds, valued at $20,379. grass; and 7,585 
pounds, valued at $2,588, wire. It is estimated that sponges to the 
value of $50,000 were sold outside of the Exchange at Tarpon Springs. 

FISHERIES OF NEW YORK, NEW JERSEY, PENNSYLVANIA, AND DELA- 
WARE IN 1921. 

The statistics of the fisheries of New York, New Jersey, Penn- 
sylvania, and Delaware contained in this report are based on a 
canvass of the coast fisheries of these States for the calendar year 

55904—23—_5 
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1921, and have been published already in condensed form and dis- 
tributed to the trade as Statistical Bulletin No. 569. The statistics 
given for the oyster product are for the oyster season beginning in 
1921, and those of the shad fishery of the Hudson River are for the 
calendar years 1921 and 1922 in accordance with the previous practice 
of making an annual canvass of this fishery. The statistics for New 
York and Pennsylvania do not include any fisheries of the Great 
Lakes or other inland waters of those States. 

EARLIER PUBLICATIONS. 

Some of the earlier publications relating to the fisheries of New 
York, New Jersey, Pennsylvania, and Delaware, published in Wash- 
ington, D. C., follow: 
1887. New York and Its Fisheries. By Fred. Mather. Jn The Fisheries and 

Fishery Industries of the United States, by George Brown Goode and 
associates, 1880 (1887), Section II, Part VI, pp. 341-377. 

New Jersey and Its Fisheries. By R. Edward Earll. Jbid., part VII, pp. 
379-400. 

Pennsylvania and Its Fisheries. By R. Edward Earll. Jbid., part VIII, 
pp. 401-405. 

Delaware and Its Fisheries. By Joseph W. Collins. Jbid., part IX, pp. 
407-419. 

1890. The Sturgeons and Sturgeon Industries of the Eastern Coast of the United 
States, with an Account of Experiments Bearing upon Sturgeon Culture. 
By John A. Ryder. Bulletin, U. S. Fish Commission, Vol. VIII, for 1888 
(1890), pp. 231-328. , 

1892. IV. Fisheries of the Middle Atlantic States [1887 and 1888]. In Statistical 
Review of the Coast Fisheries of the United States, prepared under the 
direction of J. W. Collins. Report, U. S. Commission of Fish and Fish- 
eries, 1888 (1892), pp. 323-351. 

1894. Notes on the Oyster Industry of New Jersey. By Ansley Hall. Report of 
the Commissioner of Fish and Fisheries for 1892 (1894), pp. 463-528. 

1895. A Statistical Report on the Fisheries of the Middle Atlantic States [1889-1893]. 
By Hugh M. Smith. Bulletin, U. 8S. Fish Commission, Vol. XIV, 1894 
(1895), pp. 339-467. 

1898. Shad and Alewife Fisheries [1896-1897]. In Report of the Division of Statis- 
tics and Methods of the Fisheries. By Hugh M. Smith. Report of the 
Commissioner of Fish and Fisheries for 1897 (1898), pp. exxv—cxxx, 

1899. Statistics of Certain Fisheries of the New England and Middle Atlantic States 
and the Great Lakes [1897]. Jn Report of the Division of Statistics and 
Methods of the Fisheries. By ©. H. Townsend. Report of the Commis- 
sioner of Fish and Fisheries for 1898 (1899), pp. clxvi-clxxv. 

Notes on the Extent and Condition of the Alewife Fisheries of the United 
States in 1896. By Hugh M. Smith. Appendix to the Report of the Com- 
missioner of Fish and Fisheries for 1898 (1899), pp. 31-43. 

1899. The Shad Fisheries of the Atlantic Coast of the United States. By Charles 
H. Stevenson. Appendix to the Report of the Commissioner of Fish and 
Fisheries for 1898 (1899), pp. 101-269. 

1900. The Sturgeon Fishery of Delaware River and Bay [1890-1898]. By John N. 
Cobb. Report of the Commissioner of Fish and Fisheries for 1899 (1900), 
pp. 369-380. 

1901. Statistics of the Fisheries of the Middle Atlantic States [1897]. By C. H. 
Townsend. Appendix to the Report of the Commissioner of Fish and 
Fisheries for 1900 (1901), pp. 195-310. 

1904. The Lobster Fishery [1900]. Jn Report of the Division of Statistics and 
Methods of the Fisheries. By C. H. Townsend. Report of the Commis- 
sioner of Fish and Fisheries for 1902 (1904), pp. 156-158. 

Statistics of the Fisheries of the Middle Atlantic States [1901]. By Barton W. 
Evermann. Report of the Commissioner of Fish and Fisheries for 1902 
(1904), pp. 433-540. 

1905. Statistics of the Fisheries of the Middle Atlantic States for 1904. Report, 
U. S. Commissioner of Fisheries, 1905, 122 pp. Bureau of Fisheries Doc. 
No. 609. 
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1911. Shad and Alewife Fisheries [1909]. Report, U.S. Commissioner of Fisheries, 
1910 (1911), pp. 27-28. 

1913. Shad Fisheries [1910]. Report, U. 8. Commissioner of Fisheries, 1911 (1913), 
pp. 30-37. 

1914. The Oyster Industry [1911]. Report, U. S.. Commissioner of Fisheries, 1912 
(1914), pp. 7-23. 

1915. The Menhaden Industry [1912]. Report, U. S. Commissioner of Fisheries, 
1914 (1915), pp. 18-22. 

The Sturgeon Industry of Delaware River [1914]. Ibid., p. 23. 
1917. The Lobster Fishery [1913]. Report, U. S. Commissioner of Fisheries, 1915 

(1917), pp. 37-43. 
Coastal Fisheries of New York and New Jersey [1915]. Report, U. S. Com- 

missioner of Fisheries, 1916 (1917), pp. 72-75. 
Shad Fishery of the Hudson River [1915-1916]. Jbid., pp. 76-77. 

1920. Coastal Fisheries of New York and New Jersey [1917]. Report, U. S. Com- 
missioner of Fisheries, 1918 (1920), pp. 66-70. 

Shad Fishery of the Hudson River [1917-1918]. Jbid., p. 72. 
Statistics of the Wholesale Fish Trade of New York City [1918]. Jbid., pp. 

73-76. 
1921. Shad Fishery of the Hudson River [1919]. Jn Fishery Industries of the United 

States. Report of the Division of Statistics and Methods of the Fisheries 
for 1919. By Lewis Radcliffe. Appendix X to the Report of the U. S. 
Commissioner of Fisheries for 1919 (1921), pp. 49-50. Bureau of Fisheries 
Doc. No. 892. 

Shad Fishery of the Hudson River |1920]. Jn Fishery Industries of the United 
States. Report of the Division of Statistics and Methods of the Fisheries 
for 1920. By Lewis Radcliffe. Appendix V to the Report of the U. 8. 
a of Fisheries for 1921 (1922), p. 51. Bureau of Fisheries Doc. 
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COMMON AND SCIENTIFIC NAMES OF FISHES. 

Following is a list of the common and scientific names of the fishes 
of New York, New Jersey, Pennsylvania, and Delaware to which 
reference is made in this report: 
MaRS ee oe Le hese ree ee aeons Ee a ncaa 

. omolobus xstivalis. 
AleWives.....----++-+2+++2-2e-ceeeeeer este nsec ees Pomolobus pseudoharengus. 
PpIPUR Ug TRATIN 2 SH 2 She AST ote Lohse pace 5S 3 oS Pogonias cromis. 
UCR Beara oo 2 ato athe ok eins a bine ecco os «ie <0) Pomatomus saltatrix. 
“et iul ve bella tan dpa an Aah doped a Sie La BS ae SAE SEE Sarda sarda. 
Preatpornn st 2 SIU Ors Site ook a Sedecend Poronotus triacanthus 
Cire peres ees Lake el ERR BOIS a wes ney eee Cyprinus carpio. 
Catfish RIUISMULOROB Say 5.08) ooh petite So asd oie wo: Siar s oats Siluridz (species). 
1g AES ESOS te ee: eee pene Gadus callarias. 
I ee re Se etd 8 See cs we web ocig oS = = Micropogon undulatus. 
SM Reacts as wns a.cihe as Sule oat tacos se cicicleras ae Tautogolabrus adspersus. 
Eels ee rostrata. 
A CO cette IAP a Sak uit’ dis Leptocephalus conger. 

Paralichthys dentatus. 
WOMIMMGRIN 222 Bote tira nein eas Saha ee roe hmate Pseudopleuronectes americanus. 

Lophopsetta maculata. 
PTI anaes Gs  Lhn ais wo sie nj We = = 3h = eh peat 

Squalus acanthvas 
Grayfigh......-..--2-2--0e02eeereeecececececec eee Neoleeeais levis. 
RR ne os edited oo = 2 eke A pon es esa Aaa xglifinus. 

" ycis chuss. 
Hake...-.------.0.220-2e2s 2+ sees este ee eeeee eee {preci tenuis. 
ERGRSA, POMEL Oe et Cee an Me oo occ ca cma e tc cee Clupea harengus. 
PigrsO0, ROMO. canbe MsGse no ein acd dee eae t <5.< 2 Etrumeus sadina. 
ECKOny SHAG 13sec ste cde sce veed ls ake eee VOLS Pomolobus mediocris. 
Bate Wire) nae Sa ey etait Menticirrhus sazatilis. 
Lance, mand 2) ao er he me TS Ammodytes americanus. 
Reekcrat)) .., 0s 1k oir ee ee Bie Scomber scombrus. 
En FE Se le a a 8 ed eh RR Brevoortia tyrannus. 
© 2 SSS Sea fiers aise ti 9 6 a Mugil cephalus. 
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Mammmichog. wai vecinied. . 0h ee oe Fundulus (species). 
eres S22. Ne. Ce ee 2 SS ee ra eee Morone americana. 
Perch, yellowed as del dz be ongusisiacht weeny MY Ot cree Perca flavescens. 
Pighiah ees cau oe ete wake ae eee ee ee Orthopristis chrysopterus. 
Pike orwpickereli..ceriuwelter TSR an) - leeergebonee. Esox (species). 
Palotifishen 46.2% Saree ats. Be ON aaa Naucrates ductor. 
Pollockeet. bs sedi betes 1 cee SR ered aR Pollachius virens. 
POMIBANOSS A-ha ee aires Clow d apt Rese aks ory ee Trachinotus carolinus. 
Rediish or réd: Giriman \.eh): . fe 22h1 440 SE ace es < Scienops ocellatus. 
Reichmor shiners: sisccaisasee a. sos csc seeaa se ee lt Abrams crysoleucas. 
DEUPIOn DOL yee cece se ate ike, Wie eee Atte Ree Stenotomus chrysops. 
Seay bass../1-. rest... SLC LE waned ome dee eee Centropristes striatus. 
DEX TODIN i222 Soc e- ee eee = CA eee eee eee EES eas Prionotus (species). 
hadi et La ah eae. are EN is Le tine ad eas ot a Alosa sapidissima. 
Silversidés)ruioss ...f TEE 6 dept wens Sue SE pen ie (species). ' 

: Scomberomorus maculatus, 
Spanish mackerel and cero............-.--+-+--.+--+- Feces regalis. 
DSOby SA ERE! oer fh aL cee es behead Lene aise alas 

cr “ ” Yynoscion regalis. Squeteagues, weakfish, or ‘‘sea trout”............-- Wee baer 

Sireped asd 3. esake wk A dee Soltis Be bre alpaca Roccus lineatus. 
SUT ECON 4) Sa EL oo clk ot eM ee pi ee eee co miph Sloytaee Acipenser sturio. 
WUCKER Sass epateysss- Eee als hh sce ee OEED on Ooi Catostomide (species). 
SuMish Lacey city elses oe tate wien SSR e ee eet See Centrarchide (species). 
owwell fishy, $5 seceten ofa topiterbcwen Nae de eithwe Tetraodontide (species). 
Swordfish yt eccsbectinll= Soe big tap athe Seah See Xiphias gladius. 
"Rautore Whe Sacre hated gd thee He made aeceicbnese Tautoga onitis. 
SPelenen tyeWac te ces iS. A Le ape eRGE b eit entene Lopholatilus chamezleonticeps. 
EROMCO Soh jt4 see dewing Sela: 2 ais a Bia eye 2 ees oe SE Microgadus tomcod. 
NYA CUA AG Ye UR pP tere ee we Mag ie re oP Ia | Merluccius bilinearis. 
A ho: a Ry sly Oe meena te. ee Ny Mey Sa Be eR re ONY es Thunnus thynnus. 

GENERAL STATISTICS. 

In 1921, the total number of persons engaged in the fisheries of 
New York, New Jersey, Pennsylvania, and Delaware was 14,483 as 
compared with 23,898 in 1904, a decrease of 9,415, or 39.4 per cent. 
The total investment was $20,498,498, as compared with $16,075,122 
in 1904, an increase of $4,423,376, or 27.52 per cent. The products 
of the fisheries of these States amounted to 332,931,742 pounds, 
valued at $11,667,393, as compared with 375,412,398 pounds, valued 
at $10,043,062, in 1904, a decrease of 42,480,656 pounds, or 11.32 per 
ue in quantity and an increase of $1,624,331, or 16.17 per cent, in 
value. 

Fisheries of New York, New Jersey, Pennsylvania, and Delaware, 1921. 

Items. New York. New Jersey. Pennsylvania. Delaware. 

PERSONS ENGAGED. Num- 
Number. Value. Number. Value. ber. Value. | Number.| Value. 

On vessels fishing - --- TAI ASN es ea a8 De 1G4|t es weeies 42 )) rss seeders IO nso ses. 
On vessels transport- 
AN Gs Noaia see seceeee GZs SERS Soe re 752) sane Diets omatete aoe 74 Se 

In shore fisheries. .... 2,300) |= sae ccecs 2, 982): !s cet atenoe LOGs| Sase sceee O40) ee eee 
-shoresmen...2/.22.-- QLD | con neeee DOTA soe aaa AAD eS sess as pT SELON Ue 

Motalescoscsese 5 WAS a Gee HY 17 (el bee ioeates 591 |isz eesewe 976) 8 Scese 

INVESTMENT. F 

Vessels, fishing,steam. LAI $5 2005 OOO | Sere Lec pio tell miaralareeminiane ieime ee oieie | ween re eee 4 |$165,382 
OUNAZO set cece. Tease Pee Roope coc Eaaeoaspriag oscobasssc Waeicoden|lbaddacicies PA | Re 8 

Quthti es Jose a|>ssancee cess 242 OST Pate eis fetal toes ite nd |S aceinces | seece seas niseeioenele 7, 591 
Vessels, fishing, gaso- 

hot: Ege er ean 229 791, 515 215 | $830, 100 3 | $26,000 12] 38,900 
Tonnage......... LON cincleniacts stale eS Tel A Sn OS ess SR SNe eal on eae ee nee 
Outi aa aes wn osise eee 240) B59) |. Seen. 's 2037940) | 2% sale 5, O50) |i soe Sth }. 050 

ee a ee a 
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Fisheries of New York, New Jersey, Pennsylvania, and Delaware, 1921—Continued. 

Items. 

INVESTMENT—Con. 

Vessels, fishing, sail. . 

Vessels, transporting, 
* sail 

ee 

Boats, sail, row, etc. . 
Boats, power, etc..... 
Apparatus, vessel 

sheries: — 

Fyke nets:....... 
Drag nets 
Otter trawls...... 
Lines, hand, 

trawl and set... 

DredPes: 255-25... 
Tongs. rakes, etc. 

_Apparatus, shore 
sheries: 
Pound nets, float-| 
ing traps, and | 

Fyke nets. ....... | 
Haul seines 

New York. New Jersey. 

Number. Value. Number. Value. 
7 $5, 150 127 | $300, 600 

Bag nets. -...-2.- 
Otter trawls......) 
Lines, hand and 

RUsWitns stems ats 

‘Lobster pots... .. | 
Harpoons 

Other apparatus.. 
Shore and acessory 
property 

Cash capital 

Drum, red.... 
Fels, fresh... ... 
Eels, smoked 
PIOUNGETS:.:... 22-6 
RHeEOES SNAG. J. 2. coc lteel See a see tee eae 

217°} 135,220 
3,657 | 100, 742 
1,285 | 9,530 

| 184] 13,550 
600 

765 5, 088 1,321 6,728) eo. bee 
pst sad 0" |e ces ees 143) 2 nee 

sas ae acee ig lSU Oe Voscer ea Ki LsOSt ee G2" | ca eneee 
SN STE GeO 200) Si EE eee 2] oid, 100) tee eee 

pean nekneee 113, 836,455 |..........2/4, 701, 704 |........ 

| 

Pounds. , Value. |Pounds 
125, 642 $3,985 }........ 
408, 193 11,914 | 20,085 

2,243,425 390,947 600 
1,503,253 | 91,046 |........ 
2,862,491 | 159, 286 200 

329,555 | 53,184 | 9,712 
101, 067 5,976 | 2,125 
687, 277 87 E6553 jog al ea 

3,815,554 | 126,700 | 2,400 
04 Ur ap ST Gd AEE 

500 | Oy eel 
274, 754 26, 450 220 | 

4° 680))|| 2) age 
4,471,161 | 283,412 | 1,985,340 | 140,586 200 

Pennsylvania. 

Num- 
ber. Value. 

ee ee ed [oe wewenccecl 

Delaware. 

1) 325 

1, 150 

= 
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Fisherics of New York, New Jersey, Pennsylvania, and Delaware, 1921—Continued, 

Items. New York. New Jersey. Pennsylvania. Delaware. 

PRODUCTS—con. 
Pounds. Value. Pounds. | Value. | Pounds. | Value.| Pounds. | Value 

bipddaek a pt tae io sheen 18, an m6 gon" ay 
BK Ci itera. =-'s esac 35, 1 1 

Efernin 255. < je. </2'-ielc 6, 575 ” 206 172, 732 
Hickory shad........ 23, 455 1, 444 28) 145 
King whiting. ....... 70, 447 13, 589 24) 119 
Mackerel jc22<ncjece 282, 075 40, 356 584, 386 
Menhaden........... 179, 447, 799 | 1, 117) 235 |30, 405, 093 

x L 250 85 18, ao 
ssn daheneoe| see eaie ak uf 

64,041 | 7, 578 130, 970 
Pereh Yello Bra ae ae 25, 500 2, 896 31, 282 
LD LGNE Seen mee eee oce eee cictnee eel ateee et ene sinensis 

Pike or pickerel...... 215 | 48 500 
Eollock oh: Seem eee 84, oe | 2, ue 4, 540 

OMIpaNO.4 kee sens Bye Ie ettocice ete 
Scup or porgy........ 1, 297,375 76,253 | 4,115, 552 
SPA IOASSHAA eC. oes 148, 434 | 21,412 | 1,378,330 
Senirobime sukeucen e 38, 419 | 1,140} 63, 640 
HSER eM abo 115,692 | 27,128 | 168, 637 
MATS ees! AMS 10, 659 | 284 | 60, 459 
seats and rays:..2.: oe pe | 1, 149 | 43° a 
Meg oe ee eae oo , 185 5 

Spanish mackerel. ... "95 | 5 3,982 
SPOL tesa seco cae 43,757 | 3, 728 189) 548 
Sq ueteneues or weak- 

op 58adccoonsostic 1,921,036 | 228,524 |11, 651,735 
Striped bass: Seo 5 Re 94, 525 | 18, 662 | 70, 348 
StUreeON: =. cs sees 33, 917 : 
Sturgeon caviar...... 940 
Stureeontroes ssa -cn|accsese cece 
Suckers 132, 618 
Swordfish 44) 865 
Tautog... 54, 722 
Tilefish 1, 133, 000 
ee 57, 200 

Bees pS tale tits 32, 413 
Whitebait SORE OR OEERe 13) 561 | 
Wihitin es ces. Saas 939} 287 
Othermishe®, oo 3.5 8a 171, 240 
obster Sao e ooo eee 1, 037; 395 | 
SHUN Genres oe ee 88, 450 | 
Crabs, hard........ 477, 242 
Crabs; Softee ate at 5, 885 
Crabs, King.......... "750 
Squid. oS SEIS ee an a 330, 117 
Clams, hard, public...) 1 764, 824 
Clams, hard, puivate: 4 5, AON it (LA O50 ' lessee oes eee ke 
Clams, soft, public. . 5 186, 150 
Clams, soft, private. . T 250008) | ViRiea zd alice eee 
Skimmers, or surf 
Clams in 2) eae e 8 48, 160 US SOO WP tee Wee ole! lee ics eel Ae eee ac le een ee else cas 

MUSS@IS') oscaee eestor 9 50, 000 2,500 | 1° 791, 000 (AU UN SSBB SASSS aes east casse|ss hosed 
Cae market, pub- | | 

eS ee bet acai 11292, 453 | 41,790 | 12 69,300 10) 190) |... 3 piss ce clece cee -| 18 2Oh ZEON 74: 140 

ovsts Meas ae 149, 131,017 | Co 663 |1510,977, 060, 306 16 1,942,563 |293, 975 ate lpinee meet a 49,131,017 | 1, 855/121 06(e3060| 2 aeeew ene leenee es 16 1,942, ; 
Oysters, seed, public.) 17 69, 825 | 9,710 A811} 638; 900 ” 666, 905 teats olss aie | eee eae 19 1,502,949 | 82, 758 
Beier eas Dia tee ls oa oe | 7, "750 | 2 3u, 500 
CallOpsse-n.cccceecse 1,235,760 | 217,108 | 23 540 

Miurilas- oss ae ” 800 | 19| 13,715 
Merrapiny sec cese see 600 | 350 | 225 
Shellsnes ro sce eee 1,760, 000 , DARD Nia e SS re se ae 
Miscellaneous __ pro- | 
ductsheauauee set 14,099 | 9,780 | 7, 800 

Totale ses. sent 210, 377, 152 | 4,986,918 96,936,784 5,983,406 | 594,613 | 44,621 [25,023,193 |652, 448 

1 95,603 Fo uauels, 6 14,350 bushels. 11 41,779 bushels. {6 277,509 bushels. 2 44,500 bushels. 
2 97, 761 bushels. 
3 505 bushels, 
4675 bushels. 
6 18,615 bushels. 

Note.—The above statistics do not include any fisheries of the Great Lakes or other inland waters. 

7 200 bushels. 
8 6,020 bushels. 
9 5,000 bushels. 
10 79,100 bushels. 

12 9,900 bushels. 
13 124,317 bushels. 
14 1,304,431 bushels. 
15 1,568,265 bushels. 

17 9,975 bushels. 
18 ] "662, 700 bushels. 
19 214 707 bushels. 
201, 000 bushels. 

22 205,960 bushels. 
23 90 bushels. 

The 
statistics for New York include 83,718 bushels of market oysters from private grounds, valued at $83,718, 
taken by vessels owned and employed, mainly in Connecticut. 

> 
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SHAD FISHERY OF THE HUDSON RIVER. 

In 1921 there were 307 persons engaged in the fishery of the 
Hudson River in New York and New Jersey. The investment 
amounted to $44,607, and the catch was 35,448 shad in number, or 
130,803 pounds, valued at $30,623. Of this quantity 28,948 shad 
in number, or 104,883 pounds, valued at $24,329, were taken in New 
York and 6,500 in number, or 25,920 pounds, valued at $6,294, in 
New Jersey. 

In 1922 there were 272 persons engaged in this fishery, the invest- 
ment amounted to $40,342, and the catch was 48,336 shad in number, 
or 175,186 pounds, valued at $39,706. The catch in New York was 
36,111 shad in number, or 128,324 pounds, valued at $27,451, and 
in New Jersey 12,225 in number, or 46,862 pounds, valued at $12,255. 
Compared with 1920 there was a decrease in 1921 of 61 persons 

and of 13,867 shad in number, or 69,041 pounds, and of $25,706 in 
the value, but an increase of $4,256 in the investment. In 1922, as 
compared with 1920, there was a decrease of 96 persons and of 979 
in the number of shad, 24,658 in the number of pounds, and $16,603 
in the value, with practically no change in the amount of capital 
invested. In 1922 the number of persons engaged and the invest- 
ment in the fishery were not as large as in 1921, but there was an 
increase in the catch of 4,888 shad in number, or 44,383 pounds, and 
of $9,103 in the value. The statistics for 1921 and 1922, and also 
comparative statistics of the catch from 1915 to 1922, are given in 
the following tables: 

Shad fishery of the Hudson River, 1921 and 1922. 

1921 

Items. ; % 

New York. New Jersey. Total. 

Number. | Pounds.| Value. |Number.|Pounds.| Value.| Number. | Pounds.| Value. 
Wiksbermeéen 2273. 3222! Pl CoS eed Bees DL Na. seer eno see B07 locas see eee ae 
Bowpoatsssie: 4... in Be ees $8, 560 1 a eee se $1, 000 POS esece sec $9, 560 
House boats.............- op eS. LOO WStRescecslee scence erecta. 1 eet 150 
Gasoline! boats-5 Fis. seb] par. d2clbeoeee ts 5, 300 Ce Bn eed 38, A Joes tens 
Gillinets so See TBO MIME Es tt 19, 687 She aeeenes 2,910 1671557 eK 22,597 
Mipallisaiigs 23 92 2Eee Sea Ike (A Bor 46o4 Boe Soe neal Mabie Gail Blltee iaic Speeders 
Shore and accessory prop- | 

NCAR KAA eat as aarsairse sb. eek 2; G34 eos se. et EADS 3, DED Nl. Se Aare stee 6, 210 

MMT SR A a ee IR i eee ca SO;9228 | saan sereeleanna. ce TS OBO" |S sees aes ee ace ae 44, 607 

Shad caught: [ 
With gill nets......... 27,991 | 101,465 | 23,469 | 6,500 | 25,920 | 6,294 | 34,491 | 127,385 | 29, 763 
With seines........... 747 | 2,603 GUUS: S08 beset ce Pees 747| 2,603 601 
With other apparatus 
incidentally........ 210 | 815 PA Mt EA re 545 HOSE Berd be eee Se 210 815 259 

Paraletei=sss2 2. 28, 948 | 104, 883 | 24,329 6,500 | 25,920 | 6,294 | 35,448 | 130,803 | 30,623 
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Shad fishery of the Hudson River, 1921 and 1922—Continued. 

1922 

Items. sT = SS = = 

New York. New Jersey. Total. 

Number.| Pounds.| Value. |Number.|Pounds.| Value. |Number.|Pounds.| Value. 
Mishorinen... 25.353 .03 BDL Pep Fae 8 dee: 2b | act Pepa ey ee 272 
LOW DORTS soo mclrsiaciaicle 164A CIR es $7, 680 1 GY | ee ee $1, 000 177 
ITOUSE) DOATS saeco a a ta ae BORIS EU AM ieetoraisee eeiaratt 1 
Gasoline boats........... 22 keer ake 4, 050 Ayls3s. 452 200 26 
Gill mets eset scenes wae 113 $10 esa nr 17, 532 Silex eke 2,910 141 
EAE Seimess sd SLE eet tyes, Sub ef BLOW eS kE ER POSE a Bi 
Shore and accessory prop- | 

ODUY ese icone eee lal seen oes Mere Sees 23639 Wes Sees ee SJOTOC| Eh tt tacal -aelaae ae 

AL OY 3 a a Uy S2,.GDE: | eeciencieci| sae ssee WOS0, |Pasaeaacel serene 

Shad caught: 
With gill nets....... 34, 763 | 123,469 | 26,327 | 12,225 | 46,862 | 12,255 | 46,988 
With seines.......... P43 2B))| pp 4e 55h AT) Ay ees Seiya Mgt ye | eatin 1, 348 
With other appara- 

tusineidentally.. FI 3 Diss has LEE Ss ee See CRESS oii | ea ee EE IPE eee ued Sea ee eee 

Potatoets. keh 36,111 | 128,324 | 27,451 | 12,225 | 46,862 | 12,255} 48,336 [175,186 | 39,706 
| 

Comparative statistics of shad fishery of the Hudson River, 1915-1922. 

Year. New York. New Jersey. Total. 

| | . 

Number.) Pounds.| Valuc. |Number.| Pownds.| Value. |Number.| Pounds.| Value. 
Ge meses Uberti 11,606 | 48,564 | $5,969| 4,249 / 20,104] $2,674] 15,855] 68,668 | $8,643 
TEV gee Seer i ya 7,787 | 32,923 | 4,540/ 1,500] 7,250 925} 9,287 | 40,173 | 5,465 
TR era neta 10,615 | 38,344] 5,810| 1,400| 5,040 720 | 12,015 | 43,384 | 6, 540 
USCS OEE Aedoaeboree 3,404 | 220,602 | 44,784 3,999 | 14,000 3,400 | 67,403 | 234,602 | 48,184 
TYAS, See Pee endl a 76, 501 | 301,306 | 60,690 | 13,800 73,668 | 23,034 | 90,301 | 374,974 | 83,724 
NGO er astara celeste 39,692 | 157,715 | 43, 882 9,623 | 42,129 12,427 | 49,315 | 199,844 | 56,309 
LOD ete ek 28 948 | 104,883 | 24,329] 6,500| 25,920) 6,294] 35,448 | 130,803 | 30,623 
TEP S Sua ha UR eG IE. 36, 111 | 128,324 | 27,451 | 12,225 | 46,862] 12,255] 48,336 | 175,186 | 39,706 

FISHERIES OF NEW YORK. 

In 1921 the number of persons employed in the fisheries of New 
York was 7,145, of whom 1,799 were on vessels fishing, 62 on trans- 
porting vessels, 2,365 in the shore or boat fisheries, and 2,919 on 
shore in wholesale establishments and other fishery industries. 

The investment in the fisheries and fishery industries amounted to 
$13,836,455 and included 319 fishing and transporting vessels, valued 
at $4,275,465, with a tonnage of 5,262 net tons, and outfits valued at 
$518,170; 2,087 boats, valued at $504,985; fishing apparatus valued 
at $461,138; shore and accessory property valued at $7,140,497; 
and cash capital amounting to $936,200. 

The products of the fisheries amounted to 210,377,152 pounds, 
valued at $4,986,918. The principal species taken, arranged in the 
order of their value, were: Oysters, 9,500,295 pounds, or 1,357,185 
bushels, valued at $1,785,913; menhaden, 179,447,799 pounds, 
valued at $1,117,235; flounders, 4,471,161 pounds, valued at $283,- 
412; clams, 1,006,538 pounds, or 121,113 bushels, valued at $260,773; 
squeteaques, ‘‘sea trout,” or weakfish, 1,921,036 pounds, valued at 
$228,524; scallops, 1,235,760 pounds, or 205,960 Bashats: valued at - 
$217,108; lobster, 1,037,395 pounds, valued at $196,762; and blue- 
fish, 1,082,917 pounds, valued at $176,726. 
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Compared with 1904 there was a decrease in the number of persons 
employed of 4,348, or 37.83 per cent, and an increase in the invest- 
ment of $3,214,839, or 30.26 per cent. There was 1 decrease in the 
products of 67,272,595 pounds, or 24.23 per cent, in quantity and of 
$1,243,640, or 19.96 per cent, in value. 

The following table gives the number of persons employed, invest- 
ment, and products of the fisheries of New ork, by counties, in 1921: 

Persons engaged, investment, and products of the fisheries of New York in 1921, by 

Items. 
Broome, Dela- 

PERSONS ENGAGED. 

In shore fisheries 
Shoresmen 

ster e ewww ceee 

Se ee 

INVESTMENT. 
Boats: 

Sail, row, etc..........-.- 

Apparatus, shore fisheries: 
Pound nets, floating 

traps, and weirs........ 
Gillvietsoc cscs eetueeacees 
Hy KOMpts ie ose et i's 
Haul seines ee 

Shore and accessory property. 
Cash capital........ * 2 i as i 

ee ee ers 

countres. 

Albany Bronx. 

Numiber.| Value. |Number.| Value 
CON Ree eeece ct ie) ER Beceer 

sate hatte | Beak ert | TS acseeee 

BBW hase crate MS ccrqgeties es 

29 $1,060 8 $210 
5 625 | 6 | 1, 450 

ae Ey ils eg 7) ne | a 
132 QE ZTON acclncdae| ahs ccecre 
iL er Es | Ves ee he 
16 BORD ea. caimelmemaacrcis’s 

"TCs 22) a | a agi 100° 
MTS Sale aaa 10 10 
By TIO} ees eco! | aS OO 
Senet cls NR SY Ba 1, 200 | 

ware, Sullivan, Columbia. 
and Tioga. 

| 

Number.| Value Nommber. Value 
aamettateie 50 jee ose 

ote noe SOilureeet aces 

20 $275 32) $1,485 
i (Se eae 4 1, 000 

| 

18 855. | 2. ate neg |e eeee ea 
pie Mae A ee ese 16 1,590 
Reel eee oe 98 1, 400 

200 8 645 
ee Ran ee | ll 293 
wufeaislajela’s |(Siefeistsaierere 6 18 

UN ge iy eee ne (pte 655 

mackerel oss Be socks 
pad! ==. 6 

Sturgeon... 
Suckers... 
Other fish. 
IROSEED see Je oo cw ibe siclecee 
Miscellaneous products.......|..--.----|-------++ 322 BL) Ge Sse ch ae sooocoe \Saaanas ant seeeeee 

TatAle eee tete nos 62,787 | 9,001 1,322 715 | 34,700| 4,652 |102, 929 12,116 

Items | Dutchess. Greene. Kings Nassau. 

| ‘ | | 

PERSONS ENGAGED. | 
: |Number.| Value. | Number.| Value.| Number. | Value Number. | Value 

tort vessels) SHINE. o50. 5. 0-2 |asae se ea: BRE a ee eee lose ae Ra Ae i tees pe a 7S. los ccs 
SUR OERTR OTN Oe condos fo: osee|-aecemmalccne cect: |ssecs ss |sinetw ater sd SSeS A Bee sSaee 
In shore fisheries ............. LAD fot ik aN et a8) een sacl PPP AA fies opiate PnP gle ey 
Silsnpariivrme sae Steen Sena e se Goes Joe cee slaectinc cecftcse-s + pa pease AGC ee 

Bite aa ea aoe 1 ape 2 i eo pa | Sire eine ds fog Te 

INVESTMENT. 

Vessels fishing: 
SiCaMN Wo. 22% aw annette = 4 wa peat [ets sone afocicsceus |e wale onailoireaciieis sic pie Saat 1 | $3,000 

TWARMBEG =n coerce |e oeemanc lok ate mete. coeliow sinew ol ceemae ances lmoee ass BOM Ee ce eee 
(apr 3 iy SR ite el BPs GS oh ei ike) To. ie iy Med tity SARE SEE Ria Sep eee ee 800 

ONGNUNG. 4 ~~ ade Me os aes Aen [acne cabo Joe clade sce'e 11 | $53,655 23 | 71,400 
ASST) ef: U2 pape te Oe ty Oi A Se | | ee LS) (2 faseces Pie: dl Me pO 
By ay ae es eae  Naos a || a Pi [eens ee OS [AISI SE Ose ne eee ee 18, 630 
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Persons engaged, investment, and products of the fisheries of New York in 1921, by 
counties—Continued. 

| 

Items. Dutchess. Greene. Kings. | Nassau. 
| ; 

INVESTMENT—continued. 
Number.| Value. | Number.| Value.| Number. | Value. | Number. | Value. 

Vessels transporting: } | 
GASOMNO Sonics cnsiicnsiicee |osenntene|ecacecce|oenweeenelneccecelescncaeanca|-ececece | 5 | 39,800 

DOME 8S Scepacndee Hadsosoee| Hosa seco) bacscecoa|essenes) bonnesccosb|tinssean sd DO) | ee 
OF OER AS See Sea Gck asl boceoetec | Mekeae ce aE PIES OOr amd oadl ee cadena saciee cnsct re It sysrore etait 0 3,113 

Boats: | 
Sailrowvetess2.s2585-o2 94 | $4,235 | 38 | $2, 170) 37 | $1,370 | 133 | 9,595 
IPOWer et. Game cise me So | 10 | 1,475 | 1} 1,000) 91 | 54,025 | 111 | 53,275 

Apparatus, vessel fisheries: | J 
Tefeiess) Senate ae ee S| one Ses passer] sseoccas-| sebasae 2 2 QO ere ait satel Sa eee 
COB LS Seen ean ee ep en acini cee bade Sano] bono ga6e | podesse Roose Sate sojposeans ac 12 | 350 
OttentrawSooscohesasseas lanes ee Joccce cee les cee eenn lace nce 5 440 | 5 330 
Iwas later rele ley 2 eRe aes Geoon een oous bodassbos bacocos|sccsgsteotc LOWS eiercicomte oto lsamertoue 
LATO OOUS 5 ecto pene NS eR eK ANS OA net |e ee LOOM Be Someta | ora te 
IUBURIGN 18 Rion cae asp onacalberanbend bScqccse Jeveeeeece|-- ee nee 90 Mee horsaanscoe ects mine 
Dred sess eeee re Seay Uc eee) Nee Woot ata taal eomuects gine 50 | 41 | 1,375 
BOT SHER a NER Se RIG | SLD PN 2 SE | I es Sree | 2 | 20 
HEUER EOS ape Sere oe ratatelatat asatall tate oie: = xe o|| mratcrenmtn ae | stoves w ole lare | eretea orotate 3 BO so ake cioe errs IOs 

Apparatus, shore fisheries: 
Pound nets, floating | | 
LTAPS HAIG WEILS roratararclenl| ee ole = eleleinerw'eltoiniete | etoRS atm niatel | fad clafatotial ate slate [tated tell teil aster ett 2| 15,000 

GHlenets SSeo58 Ete S | 48 | 4,952 | 8 | 1,110 2 600 268 | 12,975 
VIKOMOUS. ons cnicies seiencel= | 

MULSCINCS.). season cece 
Drag nets ..ccccsdsecescs= 
SCAP NEts. < .icccotaorrceerss 
Dip metsies sisees eee Se 
SLOP LSsecseineceeeeeece 
Otter trawls.--./.-....-.- 
Lines, hand and trawl. 
HCl POLS! |= «= eteratainie'= 
ObSter pots=-- wets -cesee 

PCATSIAL, «assoc cla oeetectee 
Dred ges j.- w-c1ee eee btoteiates 
MON GS. acess sss larctotere cleo eee 
Rakesicss2ciccergtoetars 5 
HOGS Su csscsisé eee bie kee 5 
Other apparatus. ......-- 1 

Shore and accessory property.|.-------- 7 eeseeiccine 125 |..--------- 224,685 .....------ 60, 660 
Cash capital...... ARE CHE Se rel paces ence bese adod pee sceosd boss sed osceeecc ce — 66, 300 |..--.-----. 5, 500 

| 271, 243 

| 
Value. 

$300 
| 125 

9, 390 
5, 150 
2,600 

5,815 
8,605 

13, 735 
400 
205 

IickoryiShad - <5 spaces ees ls dacs mci sce ciueieial| wmrcce see bine acs BASSE EcnoE Paaciceane 900 | 52 
Kans whiting. cosssccsscssss Bae ene ae Sse sas| See se 5e5| Moussa Gepeqeseallscoaccade 600 120 
Mackereliss 4). o05-2s0ane aoa yor Conner bapuseec|teeeacecclloaddiss4||4ocen sosoar|lacscocaso 60, 105 7, 700 
Perch, yellow =. <2.\s<s02ecen 2, 938 350 1,415 LOB cite cicicoa ds 3 Saisese mics! <n eaiepleciacie| aarences 
Pipkeroles. 8.5 ccesee otha ee 10 DAE ia Ss wee stel baterocte st se sretacteeettal bb sierye aio: | beet aee a Oeeeeents 
IPOMOCK hoo ajein en bacure d wiere.sicibe lle Hadas woh de ectsalbw onthe ael bees seme acce cee be eesteeee 2, 850 160 
Seupye sso cee sent abeneneeec el smemecese | sb nacelle ale deerats Secrets 426,000 | 21,300 22,400 1,940 
SCA DASSH ccc ss cee ee eee ee eee eee teeters paste aas||so2c05¢ 17, 050 2,065 7, 650 1,525 
SHAG te sees esse etaseee eine 35,449 | 7,982 | 80 25 2,757 , 000 1, 200 240 
CV i PUR REEL Es) ene GSE ERLE or [os ucti teCO ee ee Sl at 800! 30 
BPObe ese oe Sees Ue lsicatele sec] semicon od aie See eee lees = ne ee eee alee Sani toae al set erence 1,600 145 
joke GIR he BR SEB SAREE AHO BaaeSms Gel MSc Gehl las6 hesoua| Pebesre 28, 575 950 | 350,325 | 46,708 
SPHL DOOD ASS re le wteb ae vats eet abpetee nian eet ae all Mragsstepa tier | ie erate esl lancer eee ll cleta oi eietetats 2, 450 | 570 
Bigreconee ono ose ecne as 3, 335 716 150 TY ee ote ey Re Le ae 1, 200 410 
SUGUNPeCOMICaVaIr: «.2s.-.ceecee 99 7 els at een Abc] BABESHEBSUH deoemee dae loGoso sss SocaSeths 
SUCICNS reece cieneleeen=eraes [25D | BEES eee ad shia = 3-oeee lsescassconjossbeee 
Swordfish 30, 000 CRU UR Ameer ea eas 
MAUtGE secs s teeeinescse aes 1, 400 2 200 18 
SIGHS Je tapas Sakeeioiee ser S00 ;000} | 7215 G00 M22 > se cee eee 
GTA Ss Ssine cee ciate ae ae oe ele iaiatee ee oe ciee eietgs 2 [Eistente ate .o |[aferete a ats | select ere tare stor meets otatatate 12, 000 1,000 
Nebitin eee tLe Bagi es (eae gel dey be Ay Ry rao A aD A rs eC Eee eT A | 32, 570 405 
Other fish Beal tei 16, 140 Pou ease sesso! 4ashbaee 
IbGHSbEr s/c 2c: cee ce olen aes else diene ---| 406,300 | 62,880 10,450 2, 425 
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Persons engaged, investment, and products of the fisheries of New York im 1921, by 

wt eee weer eee 

counties—Continued. 

Items. Dutchess. Greene. Kings. Nassau. 

Propucts—continued. | poy nds. | Value. | Pounds. Valuc.| Pounds. | Value. | Pounds. | Value. 
SUT etry rte eS tt RRL TR +N CR cs a eee 8 1,125} $250 6,000 | $2,000 
MBTATS SOL nee 2 ta jeg aceg Suhel sc aedereilaca acted s cin se ceelle ctereat nae sues « = Jerse tee 5, 795 1, 825 
CLE UE GE A AP ane 7 pear SR Hm RSE | ea a 4, 500 285 
ciara Med UBM! 2 I8c). st Mela os Ste ES. oboe lie eo ans 3,400 1,275 60,152 | 24,245 
Clams, hard, (We Poe posse] Pacers 4 Pescoe=. Boseeree. Apprnca creeaeoemsc aecediae 5, 400 1, 950 
CIAMS SOL DUD aslo rac ne<s = |a7 essen = ame peelo- == 2-202 10 Mare nis 3,000 600 74,300 | 12,950 
‘Clams, SOU SDELVALO stead drew |= 5 coe Ae fainiee' ae Sule tee et oe | Eisele os [ashen cere emeriae kas 2, 
SHMIMETS GF-SUl OIAMS- he /e seca <2 ws eee dee at Oets.. vdeo sds aee 48, 160 PESO... 02030] seee tne 
EME oes ppd cic tadu nastelea uation awe ve ane Reals Sy ke ie 1 eae ee 50,000 | 2,500 
Oysters, market, public. Bani si verneteeel| eraciavetereralopincclarnie 60 Pe Se 5, 250 | 750 2,520 575 
MO pSters nel, PLVAtCs scales cs eeelloseusecna. cee ue es see el See 1, 174; 733 | 277,813 
Oysters iscad splpliGs:s.58ece|- socaseme seceeceslanreccc ae ae 5,600 | B00 ites Pososoty. [Saeed 
Scallops, RESON 3 ak cae ewe ars some e semieccatigas conde LS eee 10, 740 2,150 42,096 | 18,830 
Miscellaneous products. -.....:}---..----|-------- oe seers Pci 12,902 | 8,125 180 290 

1S) EE eee ere 91,244 |$14,958) 53,450 $5,577) 2,053, 667 | 202,530 | 2,451,311 | 448,361 

Ttems. New York Orange. Putnam. Queens. 

PoE Ls eats th Number.| Value. | Number. . | Number.| Value. 
‘On vessels fishing : 8 
On vessels transporting 
‘In shore fisheries 
Shoresmen 

INVESTMENT. 

Gasoline 

Tonnage. .........--- 
EG a eee 

Gasoline ascs ccasccne sen 

Boats: 

ae vessel fisheries: 
IPurse/s@ines-*. .. 2... 226-05 

Apparatus, shore fisheries: 
Pound nets, floating 

traps, and weirs........ 
Gill nets 

Seap nets 
‘Otter trawls 
Lines, hand and trawl .... 
Eel pots 
Spears 

wee eee eee ewee, Hoes 
Other apparatus. .... 

Shore and accessory property. 
‘Cash capital. 

NOUAL Gone an veetwae cei 

PRODUCTS. 

RS Sol Re ie 

11 $115,080 
STB IeA Gee. : 

Baa Wakee 48, 380 

1) 9,000 
Cy RR a 

ae a 1, 000 
i 10,000 

(257) aI et We 
paleo -""""35000 

“sah ataerer 

8| 11,500 
2 260 

1 80 

Daemons pslteerenera cs 

2 2 

ess Lacie. | SES 
ere 767, 900 

| eS See Ss 

Not ce oee a | 4, 859, 233 

Pounds. Value. 

"663, 650 $105,023" 

5,000) 200° 

“"90,000 4, 200 

“580,400 30,596 
11,800 | ; 

See eee 

See es 

eee eee eee ee rs 

ttt eee ee 

wee eeeee 

sae eeeee 

1| $2,000 
#ahient. Ae 

Lepeaeaia 600 
| 

| wee eee eel eee 

eecawarMAl ce stese 

15 320 
| 25| 6,250 

| slamerhiaz dial MEd ciome 

sn te Se 
|ssbarrereis 160 

40 80 
| 8 42 

avaen iidet 12 
Be asta mein’ 90 
aeeeouerc 275 

eae ai 9, 869 

.| Pounds.) Value 
Netetagetate nota | etaietin tafe hat 
| ee ee ee | 

3 AMEE SOT a 
31,000 | $2, 100 
4 050 925 

[PPT oD 1,315 
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Persons engaged, investment, and products of the fisheries of New York in 1921, by 
counties—Continued. 

Items. New York. Orange. | Putnam. Queens. 

PRODUCTS—continued. | | 
| Pounds.| Value. | Pounds.| Value. | Pownds.| Value. | Pounds.| Value. 

Sands 2 STU TE as See ear Se Se epee AR a 7,060 | $1,833 480 $120 cee nae apie ninse 
Squeteacues.......2..5..5..-0 130, 600 $3938 0 esas Ronee seca Le gains Saelluowaeaes 5,000 $1,150 
Siriped pass sos ss os Je ce we ae ale em crete | een nee eee |g en eee 60 20 
SUGCKEIS: Sa Set ces Oaectacce [Lc a see | lal Sake a 24,972 | 3,492 550 WO Wels deer aeseee 
SRAULLOP IB Se ces es ceceeaee Petes oeiatallcis cee mace eceesane Hen okey odeapeis see] asa aaere 500 100 
eEpletish i We 2 Sys | 833, 000 BRS GRAN | at mabe ae cpat ie Ys ee alk cela alba soins Gala 
MOCO EAE see oy ee seen bok le arstinme ale cacisercns 4, 800 DAG Ne So oe eee es 1, 700 200 
Otherifish: ees OOk ss | 3,000 90 | 11,343 iE Di FR ae 9, 500 950 

S@Hrimp aya! se ew a (Rema | Sarena RNR BA Bea CIES 2 Ps a alae 4,700 | 1, 100 
Clams, hard, public.........- 2, 200 1100) 2s hes oe enn eeeeee oe ls saraeetpes 896 450 
Claier Son NpMDIIC Gee) es heed uot. cent esce eee nal aeeak abl ee aS BS) al | seat 6, 500 | 875 
Oysters, market, private..... 455, 000 S7000G| aac ner ek Sen rea a(n) ee | avajeate aye Ul By het Maratea | send pete s 
Miscellaneous products....... 90 1 EOS Pee A a be eadapecnl meemebecie cls ameter 405 550 

Motalosse yess So ee sees 2,774,740 290,071 | 87,391 | 11,220! 1,480 | 300 | 72,066 9, 735 
if 

! 

Items. Rensselaer. Richmond. Rockland. Suffolk. 

EEESONS EN GRGHD, Number.| Value.| Number. | Value. |Number. Value.| Number. Value. 
On vessels fishing..........|... ees | PS a GIs eens [eaeseeee lie sca 1 PY. Gl eee See 
Our vesselsitransportings | cjsseus Ss sna | eee ee eee eS * Peta acta Soe A BOCES aa. 
In shore fisheries........._. SOMES ae on eee a | D2 ese se LjO7M ease eea 
SHoresmioOneehsasso eau ee as oe Ce bale ble By Bae pees HE! begets pee sy 4 di LOB) | te.cn ers e123 

Total! : sajseoeu ee SOM eer LOO tesa se | GA | Romer 3; 697 | eeesienvertc 

INVESTMENT. | 0 
Vessels fishing: | | | : 

Steamy = 352532 Na 22 te Le Mw eT on a ae | i Qi Se | phe ee See Oe oe 30 |$3, 267,000 
Monnage 1s cee ealeee eee tee eee ccs r weno tele he Ney ee. SITY Cenk RENE fe eee 5 6LOales aseece 
OUGHT is ae ie a Se S| a eee Labtiees #5 kanal ea eee 241, 257 

GASOMB OS) 5 a. array aed Eee hee 16 | $56,800 |.......-.. | Saceeere 166 487, 580 
sRonma ged octgecc sac taster se eel neatsa DIA TAG RRS ele Seas oBeeraes T G69) piso seas 
UGA Se cee ee 8 ween a 33,800 BR ESHA ecard taet cee ean 113,399 

Shy Seen eu eee: eee) aati lk seteens 1 O00 SES ae PONE Tee 6 3,950 
TRONNAE Bete ss art lane ca eee ne ae DEM eae one Atelier Mee) ee a CNB apes ees 
DUE C ER Gora ed dE See ete BOOM Tone = WES eee SAN ae ai 1,025 

Vessels transporting: 
PLOAMSadonoce ces sw clieee. } 4,000 

Tonnage 
Ouphpeets Seee alS 

Gasoline ee ene es 
Tonnage 
OUuChta see eee. 

She | ee er eae ie 
Tonnage 
Outhits,.7247eat Nerf] ates SMT Y gienw ni] eg oct SIEGE AO cto, | eratahay Stora catal| Pho awn ek ee 1,100 

Boats: or : 
MAL NOW (OCR oe ee cee 22 |$1,065 15 550 28 |$1, 050 543 28,155. 
PO WOT ees ee cia i 150 13 9,550 7 | 1,950 522 300, 130: 

Apparatus, vessel fisheries: 
IPUTSOSAII OS Soe e t dL 2 See UNE or pe ee he CW eae a 27 72,900: 
Gillet sls ee ee ka: lo boeken a Sea dT Aes See eS ee ered Repein 14 2,025: 
Bowdmets ca 3) oe eee ck ty ee ea, PAY ea POR) SiS Rese 8 27,000: 
iykio nets sa. Ose a Mele Ue Tobey ee ae 1 TEN oh a eee a 180 960 
Dramriotsie sac cous soe leledkn ccebede lands sestes Seek Meee neon auto eee 2 15. 
Oertrawis-S..2o.<0 8b. [cbt PO le \iz neat. ts Udlys cevavice Scere =e |b eneeme 34 2,625. 
Lines, hand and trawl..|...-.-...|...---- Roe a re age eGo eee Ue (AS k oc y So 10 
larpo0ns 9.422 2.5 tei z= teet alee a ee ee Whe tees I csc Ge siecle anette Marc alls train aie we 50 
HCl MOtSe-h messes ae sale De bos wu aten ve leat eee | kere 5 eal aaa 150 300 
Lobster potsws2:2 as 2s ke4 secs Sot altace eee Bal Cen eee | i ae ee See 1,085 2,385 
Dred ges tonto aais o5ee eel te See sete sez eee | 84 J) 4 DeLOO) | Meee sola 752 8, 112 
WONSSeesxe tee eke |e eee he alee eee lec eevee alineceaaae lowe cece ee oaakes 107 884 
Rakessciocde bes dastiatnes hese eee aa 4 BO i oaeewe taileace see 6 6 

\}paratus, shore fisheries: | | | 
Pound nets, floating | | 
Craps f1id weirs... 22 |oassse) 2. | eee eee janet eter | oo oe 390 147, 265 

Galle ey iit oral he oaalle eater: Onl oS 6 ku ee ee ieee 55 | 1,955 382 13,655 
Wykkometseso. 0s. ceenne WBA pial ON Mene ne eel eee 2 2,016 11,425 
Haul'seines. ..2 25.0.6. 10 ROSH co). nromers e@eceiee. 9 | 1,100 53 5,155 
DTAP NOLS. A acted Gtiece So Laat ancl came cten ce ep aac A ee pra |e Pe 27 167 
SCADMELSS = cescaeeecee 10 Adi |S a ee ee | ee | 2 50M. ie otto Sg ae 5 seriet 
Dip ets wy sane eee teste ek | Ue even oe [eee ok in| seaaeenee lea crear 10 11 
Otterdraywlss) shoes ke |scees neal eee ce 14 (El sol oe 43 2,585 
Lines, hand and trawl..|...-..--- TSH cme ck 4 | 75° | tees epee Fl tee a 87 2,168 
BO POtsy aus bese c ce atee.s ac ebews seta 20 | 40 +» 170 305 3,114 7, 060 
ODSTOr DOtSseeee eee eal tees eee teers O10 fee WESDO Eaee seen ese cen 6,885 16, 735 
FEST MOONS a. Sec Se site cease nce ec oilele eo eeret a ley See a SY as a Da | Eee a 185 
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Persons engaged, investment, and products of the fisheries of New York in 1921, by 
counties—Continued. 

Items. Rensselaer. | Richmond. Rockland. Suffolk. 

INVESTMENT—Contd. | 

Apparatus—Continued. | Number. | Value.| Number Value. | Number. | Value Pa iati pac ine 
CO eae’ ee eee pepe. seh Her ane Maaee AEP Sel FS & SORE E LE Seen aie] eee 4 

idee Med es 6 LOO ee Saco ai s'oeis 1,164 6, 543 
PROT DR hE os clan percroeqetrea faa os.c 5 | 8 MS east cs sis wine's 2 219 1,617 
SRAKGS.-} aids soc cccce Devers etme aioe oe 14 EONAR 225 cc |ssess = 179 1,571 
SRT Eel ere aL oi ain (Snbainial alin x Walon ws ello cemmmateleseccl os |seedees 57 79 
OE Ree eta soci eae [ao sis) sw cee en rae Sd a orn ee llata aimee fis Me wicca ail ciate Siewle 1 2 
(DUPGM AAO, 6 sae! ddd ogbotec||sestose|dosoceomesalosesdces4|- 6 qaeboddlle-sccosjsceecoeecasc 2 

Shore and accessory prop- 
bee acter eee ae os oon te [Stet apete K 72 a ee ei IE SOON oemegece sc S850) eee 2,924,769 

“MPEP TTR Genes OSE a 28 ARE 36 aoc a a Saceecine Fitinc snco| AB Setao tea Baaeeea esne AS sass 90,300 

PDO be ese ae aoa cicate| sce a2 <eis Od Oh iets cis. oa ssa LOT SoU meee BOO! |) oa crane 7, 997, 692 

FRODUCTS. Pounds.| Value.| Pounds. | Value | Pounds. | Value Pounds. Value. 
Albacore!=<). £4. 52-2 23:22254 PAxtereiain rated [ebararaterctalls < brometcbretcie!ls piveheheretcre (eetee eens ses cac 23,354 $1,120 
BRL VOSS = cee erate Su a eh erchctcreia each eialel| We einem envelciall salah eters | 910 $76 296, 120 4,970 
HERERO Saeed 2 ae ie Ss 5 A ale yt Se let aed yoink Bases cee Rector We acids 174,609 30,088 
Bonito me seu sos sake Re = SNS PC eG BON Rs OR SPH ic ni he 213, 827 25, 200 
Butterfish.-. 2-22.25 .56.2 Ee reetarta | Senne (Oe eccrochilet hed a mlwarncleek | Me becinseialels eeriere 606, 676 61,509 
Ne ie ig eee [> 22,488 163,050 oop aneccwe|s eerie 5,783 | 729 156, 913 30, 095 

Catfish and bullheads...... 4,586 SIGH Seeee eee een |= neer sar 160 19 15,335 i opD 
Cones ee 8 ee aacceen. 25,468 
GIRS etn 35,693 
Flounders.. 239, 202 
Haddock 376 
Hake..... 975 
Herring 206 
Hickory shad 1,392 
King whiting x 13,469 
Riackorelee: Me: 6A ek ee. 221, 970 32,656 
Manhaden!’ 20.2... eae 1,117, 235 
7 aa aan 5 Perch, white 
Perch, yellow 
HICK DIG eet es 2 aes 
GC ee ee 8 a 
POT AN Gooey” 7, = EL nese 
PRCTLDY esa) ete ba ce he loeehnt tk 
202 oop Sa eS ee 
SarsaaNO BiTi =e SER Es Eh ea 
Ci eT a eee ee fe is cass 
POETICS S AEC MBRR 6 65 Bs [ee icteeee 
DEALOSE Salt et. 
SMGlEce a ee 
Spanish mackerel 
C0 Dee Ee espa ie Fa 
Squeteagues 
Striped bass 
UTERO. ape ke ee Ae 
RUMEPGON CAyidy ses. 20. ease eect Peed Bo eee 
OE ee eS ee ee a 6, 668 80d cess eee ae 
IG ALEAC EER Tye LS ee esa Bocca Ripe rater 
SEARO Ge See me ENON, Ane Salone nace hoe dS AMADOU a 
SRR PEMNCCI Che see Cee eres LE Oe ARs oe Did elie ge ee ero bias ale 
PTE ee meee SMa eee NCE FS a alles dra litic Bans yO ae ela eS ok 
MiG) or NT Sa eT Om (OR 6 Se ene Sede cake Pome dee eee 
STM ert cose tert RBs A os RE! oe A ed need A Re alia Scie 
Isler Tighe? 2 s+ everest x56 700 66 lee stceees 
1b ELE: ULL ge aba hind 2 ot ea oe Para 45,400 
13) Plate fae ee a es ees Pacers 
rabys, Herel ere oa Pee ES So auee je ees cee aehese 
EEN SOIC oer aa 52 Soe eles ence ce slases sesaks 
TE Riss s AT ian a ae | ode cca a oaiaial| cmae se Sse 
vate ces Go PR RET SS RSE oY 5 a, 2k [Se ee OP Peg aes 
Clams, hard, public 9, 240 
AMIN ASO EMBO. see tenes ee asee joa) sacceus ence seeiec as 
Oysters, market, public....|.........|..----- 13,300 
Oysters, market, private...|.........|.--.--- 12,534, 714 
Oysters, seed, public.......|.........|.....-- 19, 950 DeSAO IN ete. alnicid | sistew nis 44,275 6, 060 
OVslerss SOGA> DHIWATES. | 225 |5 sosbe eal) eae ewelig a coca dca mewelasvecen.-|sceeee- 7, 000 750 
Seniesa: Diy eee oo rae eet I ee ots ol tect e sala ootancese les esn'ac 1,152, 528 192,376 
SPRININS, SGA? sete sto. ses ales SEN oe bans oc CBee eb slo cope spelea ssc ccec|eeessien 30,396 8, 752 

a eee Sg TEE a ee ee ee ay eS cece 800 19 
Wien see Pena to ale eat eisai ee decd |sas oSecemeel sees osm tl tanec ccs icecece 600 350 
STE Pepe pS Ss a oe a a Ls © aS a 1,760, 000 1,480 
Minchllancous pmGmcts. 5. rine ves |cass<de| == onan ea ac l-ninep/sspaloe noeccc|s sar sce 2 150 

otal. .-= pateers vues 39,472 | 5,348 | 2,686,604 | 540,266 | 30,471 | 5,065 |199,511, 960 | 3,379,779 

1 Includes 83,718 bushels, valued at $83,718, taken up by vessels owned and employed mainly in Connecticut, 
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Persons engaged, investment, and products of the fisheries of New York in 1921, by 
counties—Continued. 

Items. Ulster | Westchester. Total 

IER SONS TEN GSD: Number.| Value. | Number.) Value. Number. Value 
Oniivesselsfishings Soc Soe soe = ee Tea os Sisssiatelele | <'e echoes ot Sipoooasssee 15799} ..<32)eieee 
On vessels transporting. ......-..---|-.---+--2-|-----+----|oe2-- 2222+ |oe-e 202s: G2) cata pte teres 
Imvshore fiShEriesj 4... ¢aoe = =e eee anl= Hay Peseta sod TOY, |Weoodcinss 2,365) leserieeiesnoas 
SHaresnlen SUS. So siocietvietoletsciciacie ete et Se erste |b aise 33 lesasarest 2 GLO eerste eee 

Mota ae Se datases syle recess Ce | ey enn Riss (Soe 
INVESTMENT. | 

Vessels fishing: 
SSS rag Ieee Rae ces mtorr Eee Pr ae ae leiden c| aac eS \seasestsce 31 | $3,270,000 

MOMMA GO Seen we eee ak = eis stim = ten |e slelmie win ole’s)| alate ieleinlelml=inf| losis item ae OOO Naeeisie aeteeteios 
PELi CeCe Bape bapa aehep bake 8] CAN, gute Re eda Mey hg ede stare sor ot Se ey 242, 057 

(EASON Her eos octal eect on ciate setae oleae eistateraleveinte 1{| $5,000 229 791, 515 
ETON AR Oe ee tee eee ecte stot stal [atalate eta atnte= } ZOU |e Paki losmneana ace 
COEUR AY RAG ie a al aay de a oh a ey Le B00 ota csere eee 240, 859 

SEV LARS WE OD NO PEE BE COP TS RE | TE Ree [sodas - 7 5, 150 
Wi ayaritye: GRE EEA ee ee oe talc pabo. men (aqme mseaee ae eaee Stic laacocuancs 55 | aoe erties 
OUT ceca | es Ee suse acelin Bforatss ato uatelt alcleriate ntotaetlletaiscalis aiaiotellie(e'm stale inteieleinteteta | 1, 525 

Apparatus, vessel fisheries: 
PULSE SCINES Se ee hee ain sen 

IMobstempotser.ss «as-cast ane 
Dredgesey: of soo oc. Gate te sche ote 
TONES PPR ni oaeia a4 anieielneie pee 

Apparatus, shore fisheries: 
Pound nets, floating traps, and 
WGI eee ier Sven sya 

Gallnptsae eee eles eee seit s ae 
MV KOMALSH hein 3 ole nineemneieee oe 
lawl Selnese ee os ier etn = Aopen 

Otteritrawlsy jose pwecgose tee sees 
Lines, hand and trawl.....---.-- 
Eel pots 
Lobster pots 
ISTP OGHSEO Rese mn cmesgange maces 
Ie RL OSE a ueEeo Se descrconsese 

Forks 
Other apparats:.-/a.casccsse- =e 

Shore and accessory property....-.-- 
(CERI. A SRR aoocueocdetaed= 

Bonitos= Mees casos eee stecneces 

see eceee-- 

15 300 
PEE ESE Hote siers eeeete 

ant 34 | 2,905 
81 1,131 
11 1, 045 

aceniee Papas 

Pgcamemled lA nea 94 
154 400 
30 60 

uae x erecta 

Leger 5 reget agage 

Pee Any gigas 
Leas i 5, 000 

EE 55, 068 

Pounds Value 

eer ener $23. 

"30,686 | 3,014. 
2,491 356 

ee rs 

463, 552 | 

} 163, 285 
52, 442 
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' Persons engaged, investment, and products of the fisheries of New York in 1921, by 
counties—Continued. 

Items. Ulster. Westchester. Total. 

pRoDUcTs—Continued 
Pounds Value. | Pounds Value Pounds. Value. 

LUTE ES AA a Se SORES AE RY | Re FE ac ae Bo Gcecows|pactosseae 4,471,161 $283, 412 
EPA OCR eo ee ek rape. oo Rha elas nic] umecaiis g cilia cereal sia (0 SYatplelarete 18, 515 876 

RT Ae ck DEN he | US a Ph Ge ee (OU | 35, 906 1,430 
[nie yeufoe he aa Sopene aa eee Soll a Uk tear FES Ai Poh d tg loc ae 6, 575 206 
LEROAD asl le = DOE SR es a ee CaaS B Ere brgesoppcc| aoode corel lsqceoagoae 23, 455 1,444 
Reine Whitin eee eee ae eds Tee cfc ae nc ee eee 70, 447 13, 589 
EPICIEETO eae eee ess See Sets. wate acess cleisie’ ell oun See Sell eee sec eri nc eee eee 282, 075 40, 356 
aie elG iad U8 Se) ae ea ate DICE EGE] OSCR GOCE! Bh oc OE Se tH Meteo ts 179, 447, 799 1,117, 235 
i TEU Gi Rap 32+ SSeS enBSHCe 44 Bee eee ese IGObrBCOes) FSmanagata) Moeimbrccallapec sects 1, 250 85 
erin wit Gemer wate etme kes 2. oo [peat nn. coe |aseees seem 900 $95 64, 041 7, 578 
LAAT Sha) LU 5 a 5, 186 $549 7,441 766 25, 500 2, 896 
PICKOTOL Shee Seo tebe tacos. cee 79 16 21 3 215 48 
TAG L Nel eh gst 2 Un a | ee Ie Se A EO Sn ears eee arn 84, 300 2,325 
ETO Jet. =2 ede [See descesccgee se Ese Sse Bbs] boos oh Add Beccctsbal lest tac. 35 
SITE y eGR EAS eo a ae en in 07 ORIEN RU es Bd Od en 1, 297, 375 76, 253 
ReatAce eer ene oe ee en AR RF Se vesiet ale ceats st alsancuckaee 148, 434 21, 412 
SLES UR} ON bok ou NR ge BS a ee seg es Hoge cis seas = acta | 38, 419 1,140 
Sits Rae oS, iat or ee 43, 866 9, 853 8,197 1,950 | 115, 692 27, 128 
SLOG SS dak OPES Brean Banas HSSr a sated harceep eid Mocnesnao| le ocgososa| 10, 659 284 
BRAT abs ee cs ah RN SM oh cs EO ol ee ne 75, 550 1,149 
STITH 2 RR ee Bg a | a el | ey Mesteecurs [escaceenes 6, 200 1, 185 
EIS iar kerele tee sees cs che |asamese ccoecleacs sin Jaren s semana ce eebice 25 5 
DT oh Ae BER eS os See er al al RE a sete a ep Nae ee |stesncedse|lssendasasqy 43, 757 3, 728 
SEUNG S CSTE Dhar = aan pea a alae eg pel Lope | ae aie arcreemcel Ecorsscericc 1, 921, 036 228, 524 
Siriaga1e00) Rocca oe PEIN Tee | Ez Dee 3,340 896 94, 525 18, 662 
PIGPEPOOM = serctrss S554 Nena ccicincc ba 3, 744 984 | 6, 150 1, 257 33, 917 9,199 
ENC ANT Soo cutee Sar iccs se cl eetee sae =| NS eases 345 805 940 1, 706 
RHCKETS eee eh ond ARAL es Ad 18, 870 2,263 | 18,703 2, 038 132, 618 16, 731 
SVG TG ead Bee RRs is a ee La eS ee Pcie aal lear aaron eo gaa | 44, 865 9, 125 
DTT GUIE 3 AOA AS ne 2 pig eRe Ah OE (eS ee Seal ee ooccis 54, 722 4,362 
HUGE S Tig lea oe ks IR ap a aad HER rae te beta se toed I ol 1, 133, 000 76, 984 
PERTIIC OD se ae cers os ee ae Se aoa Meats cael meets e was 3, 500 85 57, 200 2, 083 
“| DTT SSR 5 aoe I lh ge S| AU sod me idociae lane scccol 32, 413 2,745 
ANTE GT a 2 = Seen ee aan | ee ee Le) (eee eee 13, 561 1,335 
VOLO TYEE oS) 248 Be RAE ee SAE asian Io teeerinia) merorieceadel Peorecicace 939, 287 12, 212 
"| FLa ST 1 Lf em a RE A ee, bP 10, 555 224 692 62 171, 240 7, 652 
LGTRGiet 5p ak ay a San eb) 400 80 1, 037, 395 196, 762 
SHEIITae ee etek ae ce Sa acet hele sess cys 3 pee eR a es Uo 88, 450 28, 890 
ioiteyhirdpeese he Mee ee el Re ls | 14,000 700 477, 242 17, 807 
CPRE| TS Sy RE oI es erm | a (ee ALS a ae eee 5, 885 1, 855 
CRT [SS pa coe 8 2 ee ee | eat (Sccebuce tellesosetteee 750 11 
STE Loe Oe po ee a Sik A) chip Pah ace 1 ee Pee et 330, 117 18, 500 
SIPAEUCIGU IN ga oh ef Fei | V9 400 300 2 764, 824 214, 528 
RMR HATO PELUHED seine tee Sete a ee elem eee se ule eat <rci5| = teeta aro) sa: 2)atetaretarate 3 5,400 1,950 
Syauis scott ynniblic: <0 2 cee tee BE a ENN A Gad ee | 21,000} 4,500 4186, 150 32, 670 
RAMS, SOLU A HFIVALG.=e¢Seee tact ose aee sees sacle cee san Jpn pot oats Soeeeseooc 5 2,000 325 
RieitemMers ONSHTLCIAMS:.o. = stcos\cehl ese es vac seeze cess \rarotirotatate chills Se obeteeretete 6 48, 160 11,300 
LUIS ape ae SS Se eS EE 232 | Se noee pb iscacdadd becccedaga pptuaca ads 7 50, 000 2, 500 
Oysters, market, public .. 7, 000 1, 900 8 292 453 41, 790 
Oysters, market, private. ene ee Ce | me es a oil ieimteiate i atete oll aia thorataetote 9 9,131, 017 1, 733, 663 
RIWNDEES SCO UI DLIC oo mre ese ee niecivie| =n tices c= n)|'a(-cleiaa eee se eteeteteree etal Se. ciel= 10 69, 825 9,710 
REGRETS SCR DLLVALO . s gavetescs sclontustes 1 7,000 750 
SLUTS Ste es 5S ee eee a Bie tS a ictcicica 12 1, 152, 528 192, 376 
SOE ALTOS RG 9 Ea i it | a VS Se ces 13 83, 232 24,732 
PIU RIE ae OIE oo is cain eats co ws allele Kotiels’e.oe| seme 800 35 
ARNIS eee areas a's s crcis Survin's salsaliye Heie)='= =| steele eee eee 600 480 
UGH Reese eee att roey kos cevenelseamene cecal neensecs ole 14 1, 760, 000 1,480 
MISCO ANE OMBIOLGOUCTS! 022-5. 5 casas tase ea eel Were es = <9) eee ee a= =| eet eer 14, 099 9, 780 

AWA icp tet ph Bla eel See 174,154 | 25,726 | 147,454 | 21,498 | 210,377,152 | 4,986,918 

2 95,603 bushels. 7 5,000 bushels. 12 192,688 bushels. 
3 675 bushels. 8 41,779 bushels. 13 13,872 bushels. 
418,615 bushels. 8 1,304,431 bushels. 14 44,000 bushels. 
5 200 bushels. 10 9,975 bushels. 
© §,020 bushels. 11 1,000 bushels. 

VESSEL AND SHORE FISHERIES. 

The products of the vessel and shore or boat fisheries of New York 
are shown separately in the following table. The catch taken by 
vessels amounted to 194,276,310 pounds, valued at $3,478,037, and 
by boats in the shore fisheries to 16,100,842 pounds, valued at 
$1,508,881. 
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Products of the vessel and shore fisheries of New York, 1921. 

Species. Vessel fisheries. Shore fisheries. Total 

| 

Pounds. Value. Pounds. Value. 
Albacore 19, 354 $920 29,354, $1, 420 
Alewives 370, 723 10, 984 377,793 | 11, 288 
Bluefish. . 180, 409 32,253 | 1,082,917' 176, 726 
Bonito... 160, 887 16, 300 255, 887 | 30, 350 
a eta 575, 076 57, 609 630, 076 | 64, 109 
CET oS ao en eee 421, 642 63, 678 421,642 63, 678 
Catlish and bullheads 43, 435 6, 722 43, 435 | 6, 722 

ORE eae Se ee 592, 860 35, 063 667,860 37, 783 
Helse fe ws ons ec eer de 455,162} 56, 838 463,552 58, 008 
Flounders 2,893,791 | 166,815 | 4,471,161 283, 412 
Haddock 11, 515 776 18, 515 | 876 
TET one BB ee) aR Ee 35, 906 1, 430 35, 906 | 1, 430 
18 Vela art e (spe a oP et Re ae 6, 575 206 6, 575 | 206 
ckory shades. 2050002. o ec | 1,600 95 21, 855 1,349 23, 455 | 1, 444 
IRGneWihitings: wei. 20 te i | 1,115 | 240 69, 332 13, 349 70,447 | 13,589 
Mackerel ter mtcns ccucacelkeencs » | 50, 500 7, 400 231, 575 32, 956 282, 075 | 40, 356 
Menhaden 2.25. 24h 3.0 oh | Wee 683, 105 | 1, 113} 057 764, 694 4,178 | 179, 447, 799 | | a 117, 235 
LTEUTTEY fa Se SE re Pat el Up ameter gn) Alesina ame 1, 250 1, 25 85 
Rerehy white cassis oc cse sees nese, eee a ae |aae ae eh csi 64, 041 7, 578 64, 041 | 7, 578 
Perch; VeEllOWwses cafe a aise tktte ok aoe Ace BR esol (ea amsesnacts 25, 500 2, 896 25, 500 | 2, 896 
FRU CKORCLE iy. crap te << ce on hal AEN Se Saar Ui MU abies open ie 215 48 215 | 48 
Pollock vec yaalaen 9.5 de 1,600 | 80 82, 700 2, 245 84, 300 | 2, 325 
IOUIDANO. prea ey eae oaet tenes | erat! ee Ae | here ope 35 7 35 7 
Seup 1,046,750} 55, 933 250, 625 20,320} 1,297,375 76, 253 
Sea bass 29, 250 3, 584 119, 184 17, 828 148, 434 21, 412 
SCA MODI ~-c cee WAL Koo cbse pecle snacecpsaaes leases Slee 38, 419 1, 140 38, 419 | 1,140 

\ Shad 1,950 | 389 113, 742 26, 739 | 115, 692 27, 128 
Sharks 2, 800 | 111 7, 859 173 10, 659 | 284 
IR ALES eee MA SUM Li lagige eee taxa ike tall ae kan aR 75, 550 1, 149 75, 550 | 1, 149 
Sineltesc cc dene sone 0) Sele bel eas jae | RN AI s 6, 200 1, 185 6, 200 | 1, 185 
Spanishimackarelan css yo. soe es esate en cea oe eee ee 25 5 25 | 5 
Spot 2, 000 159 41, 757 3, 569 43, 757 | 3, 728 
Squetearnes..2- os. 2.-c. cn nceee 831,165 | 104,897 | 1,089,871 | 123,627| 1,921,036 | 228, 524 
Striped| bassave- 220... ca lees i 1 30 94,425 | 18,632 94,525 18,662 
DSUUMCON Ss teeteatine ccc me nonuene 2, 200 769 31, 717 | 8, 430 33, 917 | 9, 199 
Sturgeon caviar................. 200 400 740 1, 306 940 | 1, 706 
SHCKEIS Hee eee nae cre Ene scum ana eames 132,618 | 16, 731 | 132,618 | 16,731 
SWOTGHSh. sss steaks Lee ee 35, 800 7, 000 9, 065 2,125 44, 865 | 9, 125 
AOR so) Baer, ten. blag foe 9 88 53, 822 4, 274 54, 722 | 4, 362 
Mul erish' se) eae gee 2 Ue TE 133: 0005p ZOCOR nee anes ee eee ae 1,133,000 76, 984 
MMornicod-) oye eke ee 300 | 18 56, 900 2, 065 57, 200 | 2, 083 
RUE ES A oe Same Le 15, 500 1,300 16, 913 1, 445 32, 413 | 2, 745 
“AULT Ope Urye op Sv Pis SaaS Mea a h 13, 561 1,335 13, 561 1, 335 
WWihiting.- sare aisle se fo 59, 000 668 880, 287 11, 544 939, 287 12, 212 
Other fish'/\ hae sess | Leap es 3, 000 | 90 168, 240 7, 562 171, 240 | 7, 652 
HUODSten. 22 acer ack cscs Wa es 47, 100 10, 400 990, 295 186, 362 1, 037,395 | 196, 762 
rim pei Coes ee ON ese, 2, 325 775 86, 125 28) 115 88, 450 28, 890 
Crabs, hard....-.-.- 447, 392 16, 473 477, 242 17, 807 
Crabs, soft.....- 5, 885 1, 855 5, 885 | 1, 855 
ee king. 2.2 750 il 750 | 11 

non eee en, 317, 117 17, 660 330,117 | 18, 500 
Ce hard) public ee) sees 146, 352 66, 243 618, 472 148, 285 2 764, 824 214, 528 
Clams Nard, YINALO ics soso peice tasoneoeee fe snieseeaee 5, 400 1, 950 3 5,400 1,950 
Minis. Suit umblivs.. 2: 400-0 ists nes oe 186, 150 32, 670 4186, 150 32, 670 
Wlams; SOft\ private. Ua otesesecinccnodec sees e lmeatten eee 2, 000 325 5 2,000 325 
SKimmers OrSuriclams.. fo20, 1 seo cssee oaumelcaecuc ce cme 48, 160 11, 300 6 48,160 11, 300 
MUSSeIS 3 os Seen cock wakes mee 30, 000 1, 500 20, 000 1, 000 7 50, 000 23 
Oysters, market, public..... Eas 80, 122 12, 960 212, 331 28,830} 8292, 453 41, 790 
Oysters, market, private........ 1 8,790, 803 | 1,648, 235 340, 214 85,428 | 99, 131, 017 | 1,733,663 
Oysters, seed, pu lic. Sots 44, 275 6, 260 25, 550 3, 450 io 69, 825 9, 710 
Oysters, seed, private........... 7, 000 (E3))t| PSabsacess 84 6ossocReacc u 7, 000 750 
Scallops, bay......-......2.s.2. 422,790 62, 369 729,738 |. 130,007 | 121,152,528 | 192,376 
Scallopsscassssect eee 22,920 | 6, 320 60, 312 18, 412 13 93’ 232 24, 732 
Turtless :/Scce Cos coee swan ls seen wel wewe tenet eae See canes ee 800 19 800 19 
Terrapins -ccspedasiceweee ae 600 BDO WEA Sac toch ticteneis oak ae 600 350 
Shellses. cc. apa eh eee o cock c celncec es lemeweineneee 1, 760, 000 1, 480 | 4 1, 760, 000 1, 480 
Miscellaneous praducts x: 2842. oc). scescccnceel scene ceaen 14, 099 9, 780 14, 099 9, 780 

Motaleccsesece Aeasiasde'se --| 194,276,310 | 3,478,037 | 16, 100, 842 | 1,508, 881 | 210,377,152 | 4,986,918 

1Includes 83,718 bushels, valued at $83,718, taken up by vessels owned and employed mainly in 
Connecticut. 

295,603 bushels, 7 5,000 bushels. 12 192,088 bushels. 
3 675 bushels. 8 4i, 779 bushels. 13 13,872 bushels. 
418,615 bushels. 91 304, 431 bushels. 14 44,000 bushels. 
5 200 bushels. 10 9, 975 bushels. 
6 6,020 bushels. 11 1,000 bushels. 
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FISHERIES BY APPARATUS. 

The most important forms of fishing apparatus used in the fisheries 
of New York in 1921 were purse and haul seines, with a catch of 
180,655,920 pounds, valued at $1,262,217; pound nets and trap nets, 
with 6,756,423 pounds, valued at $529,844; otter trawls, with 
2,941,095 pounds, valued at $205,717; lines, with 3,348,876 pounds, 
valued at $297,640; dredges, tongs, rakes, etc., with 13,514,532 
pounds, valued at $2,259,493, consisting chiefly of oysters, clams, 
and scallops; and lobster pots, with 1,028,460 pounds, valued at 
$194,952, of which 1,021,710 pounds, valued at $193,602, were 
lobsters, and the remainder sea bass. There were also 7,985 pounds 
of lobsters, valued at $1,615, taken in otter trawls, and 7,700 pounds, 
valued at $1,545, in pound nets. The catch with fyke nets, consist- 
ing chiefly of flounders, amounted to 917,568 pounds, valued at 
$41,279, and with gill nets, to 607,077 pounds, valued at $93,517. 
Considerable quantities of products were also taken with dip nets, 
scap nets, stop nets, harpoons, drag nets, eel pots, spears, and minor 
forms of apparatus. The entire catch of swordfish, amounting to 
44,865 pounds, valued at $9,125, was taken with harpoons. The 
products taken with each form of fishing apparatus in the vessel and 
shore fisheries combined are shown in the appended tables. 

Yield of the fisheries of New York in 1921, by counties, apparatus, and species. 

BY PURSE SEINES AND HAUL SEINES. 

Apparatus and species. Albany. Broome. Columbia. Dutchess. 

——.s $s o_O 

Haul seines: Pounds.| Value. | Pounds.| Value. | Pownds.| Value. | Pownds.| Value. 
IOWIVESs* tee es ccecseccses 1,550 SLIGO: Gascon Hele eter anar 3,000 $220 90 $11 
Bullhieats: 2 fs esssess4e5. 4,210). DOL 4). car ces eee ee ee 400 LOO sex eeeee=' HAR ol 

BID ac ee ie als sete econ’ Fs G62 5s ASO Ned. ese Se |--+5e-- 8,124 788 3,600 391 
Mimnows- 2 865 oo ssseseccce: 100055" LOY vos saasslee secs tee cece lo sett goe|s seats Nee es ante 
Perch, yellow................ 97 HOS |saeces | res Pare 200 20 20 2 

HO USSSA AS55525 S SS eere rey | aeaanate Ieee eer 1,000 $200 | 250 66 125 29 
PSEICRORSSS tet certs ski o sa ech 3,666 DOME casoece Peihoceate 10,178 | 1,485 850 | 115 

Gta emery eae weet 18,245 | 2,367 | 1,000 | 200 | 22,152 | 2,679 | 4,685 548 

Apparatus and species. Greene. Kings. Nassau. New York. 

Purse seines: Pounds.| Value. | Pounds.| Value.| Pownds.| Value. | Pownds.| Value. 
NICE Steg ware te n(n om satin S| a woes siec ine DLOUO ||P SL OOO Nee eter ce kets 550 $100 
SIGN ty mah AR ace Pe POA LEES AZHVOOON Tale a00 | eneanca tele seet 580,400 | 30,596 
CSREES | ad eee GOO WF OOO NEEZA LE ere lis ay ce. 11,800} 1,290 
PAH EURMDTIEN vied ite oa cic nace c|'s sic aemmcalt ce cucae 26,700 SOOM EAs st easteces 130,600 3, 938 
PiMMerahee ser asecee = ss scres| cco eee |ceGuasd|fe sbaacad|ocectucelboqagcccelbetecade 3,000 90 

fifa). | eee 

Haul seines: 
TG yy Gs See! 
IBlnefishea yb ees 
iSjaLN cS) c "SEE ee eek es 
BUD eee <2 ees caninns 

LOIRE |e ee cee 
PUOBTIGGR ER he Ponca o xnccorninn 
ANCES MOE. 52 oak nes 

TD riecbert cl 5 >? se a 
Perch, yellow...... 
Roach, or shiners. . 

Squeteapues... - . oo. ecmjerea ie 
Striped. Gass c ci sacar cans 
Suckers: ooc2 sseretscss eee2t4 

55904—23—_6 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued . 

BY PURSE SEINES AND HAUL SEINES—Continued 

Apparatus and species. 

Mackerel 

Mummichog 
Perch, white 

Se ee 

Perch, yellow 
Roach, or shiners....... 

Silversides or spearing... 
Smelt ee 
Squeteagues 
Striped bass 
Sturgeon 
Suckers 

See eee 

mec ewe ewww wer elt erst eee 

ee rs 

Apparatus and species. 

Purse seines: 

ee ee 

Squeteagues 
Other fish 

Menhaden 
Minnows.... 
Mummichog 
Perch, white 
Perch, yellow 
Roach, or shiners 

Silversides or spearing 
Smelt 

Squeteagues 
Striped bass 
Sturgeon 
Suckers 

Orange. 

Pounds.| Value. 

ee 

ICS’ ritmckbeics coc ce acest eceste kee 

See ee ee ee ee 

Rensselaer. Rockland. Suffolk. 

Pounds.| Value. | Pounds.| Value.| Pounds. Value. 
oMaeaete|saaeerecel eke oe 178,629, 705 |$1, 112, 666 

sechios se 210 $21 167, 000 1,985 
sptrecesltecteeeteldeseasee 11, 990 1, 865 

$304 50 Soles ekeecans|Gernceeeeme 
2,082 4, 883 634 156, 913 30,095 

Skaciee wallawe sumcecjacsoseat 15,335 1,555 
tas ete ROE TE Led ate oe Se fs 150 15 
Wetarcta ic afel| Sefatn of Se ele daate e 50 “a 
Seesseee ssc ccc eerlasseemas 2,100 325 

eh DEMME Sirs Ue a Ree Tey a2 gee 4,050 668 
pcre olat meaulbec caper Case coe 25, 658 315 

113 700 |} 66h). ee | Ei et | So OS ae ees 
See ely 2 yal A Ul Re oral € hae ated: 26, 900 342 
Ben bare (Caevinwes letacat ete 325 27 43,301 4,625 

99 | 800 80 S28 ee REE oS 400 60 
SRG Re Us CURE (eg |r eae 1,000 100 

Sa et ae Se ree a ES ea oe 500 25 
26H bey Selinsageee 92 | Deiat g ae aA 2 oe een 

siete = petoin'latara ofye stanell emis aime nie stem taete el letaeiemieisle 5, 550 975 
Sepia a tai Oae ojcitelaless aca sen setts tee lemasoe oi 3,500 450 
SAE EON pe Al pi Ne mR. OO Aa | 42,065 4,817 
cfc mapa ta eee oa EAE TEE 4,390 | 1,011 | 50,399 8, 654 
Sasaeeclep 24080 SY? lees Lanne Were 3 '|\ oo Sell) ca eee 

959 400 48 | 1,240 119 | eS eee eee areas eee 
FER ers pee Soi ae aaa Fy Suen ear eS SZ | 13, 561 1, 335 

4,385 | 21,012 | 2,953) 11,190 | 1,845 570, 422 58,213 
| ; 

| 
Ulster. Westchester. | Total. 

| 
Pounds. Value. | Pounds. | Value Pounds. Value. 

His loa etal einen» eae ae 5, 550 $1, 100 
ie) POTN (EE Ta aa BK CC are |_.......--1178, 629, 705 | 1,112,666 

Ty Here a VS SHR IE oe iene Die OR 1, 006, 400 51, 896 
PG 2 (alec ys aceiaieye i. WY RUE as 17, 800 2,190 
De ESC Ni oF ek rN A ee 157,300 4,738 
A a PRE SA 1s TS, es oes | 3,000 90 

B5] LO as ot oe Oasis |....------|179, 819, 755 | 1,172,680 

Ape le de tn 177, 280 2,714 
HA ir os at Sh [ieseeitete cee 12,515 1,980 
ug 452 7, 997 1,257 
-.| 20,880 262, 856 43, 656 
Be sea etd) Bata arate 15,335 1, 555 
BA tae See | 150 15 
aa 75 | 3,575 422 

| 34, 525 2,535 
| 2; 100 325 

CE Beth 2 2,585 775 
4,050 668 

53 et oats | 25, 658 315 
9,900 | 21, 063 366 

sean al 31, 095 792 
1 hee 43, 626 4,652 

as 235 4,439 491 
5 EE, pe 6,930 1, 263 
te] See peas 500 25 
TA ORG a 3, 870 891 
ea Fey hes aerate a 5,550 975 
ae Fe aa RS 3,500 450 
Wh RN 1,000 100 
Mel eae sees 53, 515 6, 255 
UO Eke HN 58, 124 10, 536 
Pal h oink Sbeteas | 2,080 373 
jl sPAROBL 37, 799 4, 808 
» 77 77 8 
eh. ee ae 13, 561 1,335 

..| 39,955 836, 165 89, 537 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued. 

BY GILL NETS. 

Species. Albany. Columbia. | Dutchess. Greene Kings 

Pounds. | Value. |Pounds.| Value. Pounds.| Value. | Pounds.| Value.) Pounds.| Value. 
Alowiwes. - 0.0 28.8. ee... 300 $18 12,790 | $1,160 | 18,000 |$1,260 |.........|....... 
ERR e eet eI C a. ch Pee oles Eto r ola nis «ciel lla caine ahh [See a eeee| ae ebaneelteasene 700 $100 
Dy AS aes OF ie SE |S 28,620 | 2,860 2, 895 S1BN woiso nn ot aleian sos necenashelsn sees 
IRETCHVENOW soc se Hoe coc ae dele ea cceleee ncn walaac cane 600 SR ee ererae| teeeess|soeemen-clve= See 
fol) Ea Oe a oe 1,016 | $217 | 2,500 648 | HSbY3Z£ (M7, 953. oi eencleewacss 2,757 | 1,000 
NUOT POOR: ove) ead | at tt Eee 304 106 3,335 716 150 10) 2c.5neetellas sete 
Btureeon (caviar <- He-coc eee. --s face =e lecc canals 99 ODIs cpciness elasaseasl west obisiee| see es 
Rllokersecseate le cts eee lO ssc ee 1, 950 347 60 (3 SSs eee se HARABre enon ceo) are: ac 

Total.-...+- 1, 016 217 | 38,674 | 3,979 55,103 | 10,555 | 18,150 | 1,270 3,457 | 1,100 

Species Nassau Orange. Putnam. Rockland. 

| Pounds.| Value. | Pounds.| Value. | Pounds.| Value. | Pounds Value. 
Alewivess: 2 85 2) soe Hs | 5055 28 ws eee 2,759 S164 ore ceo sotilos ene ose $45 
Binefisht .;:.2.. 5.2 {a8 18, 880 ce Lie. 1) NS Be SS 2 SER |ceemsctysel ian sciasicee loss aet ooo | seis ae 
IBOMEGS nec ke Bee 9, 500 SOG ers Bo ase ellsc cin alae obltegomtacecte [caisaceetion| se esemete. (Cee ame 
Se erent ME US 2 lose se noes tics nace ace reel mae anacltcn lociice cites 100 | fs 15 
Mackerel. ............ 30, 105 BF OOM ers remeers | Sees oahve ce eomeees ccc osesccciccalesecsecseeleccossegae 
LAE UL ces eribicl ice SConio4 ics ce neers] eee ee, ama lela boc ie pape a mr ree iaann 680 2 88 
Perch; yellow: <.:.5.|iss5255<2< Bec Sek rie baccarat tiie cot eames re eee, bs mck 8 al LS ey 115 aly 
Shad. - seeve: 2525 2h. 
Squeteagues 
Striped bass 
Sturgeon): -..c.....- 

Totals 55.2.1. 

Species 

Totals. 43... 

Pounds. Value. 
27,178 | $2,168 

Pi aie Maa 1h ace BAT 

oie Ht: ioe 9,178 

ee ee Sy 984 

75, 960 12,877 

wee wer eeee 

Value. | Pownds. | Value. 
61,627 | $4,820 

Psa eae | 87,807 18, 357 
Peers | 93.500 800 

11 98 11 
409 38,481 4, 204 

Sescleeed: | 10,400 1,924 
eae | 765 121 
eee 68, 015 8, 298 
Peoria rey 13, 500 250 

60 23530 298 
401 4,669 466 

Stare eee 150 7 
a eatee 300 45 

1,946) 104,222} 24, 469 
TEP eee 2,700 735 
Ro a 1; 250 112 
Sie 164765 | 19, 264 

352) 5, 240 1,310 
1,212 | 267838 7,189 
805 460 1, 156 
228 3, 760 581 

5,429 | 607,077 93, 517 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued. 

BY POUND NETS, TRAP NETS, AND WEIRS. 

Species Broome. Delaware. Nassau. Orange 

Pounds.| Value. | Pownds.| Value. | Pounds.| Value. | Pouwnds.| Value 
Ee ch aly 6, 000 $300) 2 52%25 6 2| Beene 

EAS ides 2, 400 HL a1 eye a Naa 
BAB cock 10;,000. 3)... 15,978) || -~aia1<:01 «OSE 
Bees Fees 2 32),000)), ,4:800 i). 522). sec Sener 
OAL Reb 14235400) ihe 2 600) Wiaeoes oe =| eae 
eee IS |.. 2,500 200) |: . Game tae sive 

SO87 i ees ee MBE. Lee 4,150 $485 
BO Sa, 12) 400.:|4 ;15 000) jJz2.3h2 1 leeapeeee 

ENiCkonMSHad tcp seasick ee eee eel eee a= eMac ack calms senc cence ecccets 900 O20) EP ae eny esas es 
WAN PAWPITIN Bee s.s.ns oe sen en nemer alot sos nectllee ness acl skeen in f eeeea ce 600 120) \\-\-,. Gc «|e 
Mackerel | 
POllOcks ete ee INSEE: TE ae 
CUD Re Ste ae Sie eae eee 
Sea bass 
Shad..... 
SH ATK S Aare eee eC Ln ee are ions = ma 
SpOtwese seek estes Ea Ae: 
Squeteagues 
Sturgeon 
PUL OG EE sere! nit 1 aie Aeiely ARTS 
TASELTV pM teks) SPC H OR Aa ies 4h atm skal ale a 
Whiting | 
So fol oh. ERA ba ORS ee Ros eye ted | 

Total 

Pounds. Value. |Pounds.| Value. |Pounds.| Value.| Pounds. | Value. 
PAID ACOLE Nate esas cee eat b $1, 420 
INT owviess thy peemee cctiaeeccmene 2,770 
BIiprishtessece tee Steep ae 15,778 
3d See a es a 29, 480 
IBWUebSh- tare cee nce eee ee 64, 109 
Cero) eR oss eben ce ys | 16 

1, 903 
10 

18,119 
67, 998 

| 174 
| 392 

1S ise ae AN es ee ea te al ea 206 
IEC Ony, Shadespic ss sees ote 1, 444 
Kane whitingesss hee ea. 13, 148 
ACOs hee eee eh ERNE A 50 

Misaeicenel eee tae. asec es 29, 320 
Mackerel frigate..............- 10 
Meninaden bese ie = ince ane tate 4, 004 
NgaIT GT eee Se SS Sih, Mie gl sk ik 85 
iRerch whither sos scnc ae wess 388 
IBrlothishteae eects cect eee nee 18 
OUOGKs see ae ee ete 990 
Bompano. cee ee ee es a 
Round herring 05.) ereree | 185 
Salmon, Atlantic......0...22.. 18 
SCL a Ye le Gel eRe D245. O55 20S 2284 erseiel ese yl ETE A ea es 267,455 | 22,168 
1 ELS Dslr RE he 28, 054 | )45 78T | ues fst Eh sett AR LAT 28,954 | 4, 962 
SQamObinee were tent tas ones 38, 019 13! ] 5 eA AN On Ek A RG eA a 38, 019 1, 130 
YN et TN adie URE Re Ae 4 5, 852 SS) a hates os leet ears eel eae 7,052} 1,599 
ISU Gyiee heite pie Ape SEE Se 9, 859 Dias Hid bes eee, Rie alte wes eS a 10, 659 284 
Silversides, or spearing........| 33, 750 C2100 te fee apa memati era ft a 33, 750 900 
Roh 47h faa ees BE Be ak 51, 850 SSE I BI gk Rt aS IMRNS, LG  ogek UTePer ee t 51, 850 349 
Spanish mackerel CN) hppa Nte enti Sane era en al IP yd 25 5 
Spo ge icee WC ae 3,471 41, 507 3,516 
Squeteagues. 
DULLped ass. soe. wee ae eee 
DCUTECON Semen ore seem as 
Sturgeon cavier........2....-. 
CS Ced UTES oT A SU Ra a 
RATT GO RE Me ee yaya coer shee Mh LH 
TROMICOG See RE St a Oh 
BAN bat i Ae ees ee a 
Wild Gin ee a 
Otherdishe ee oes ee ln 
Reto pb ike MAMRR Es SNM a2) Seah 
Crabs) hard acta ie lees ie 
Crabs, ary ee Say ene Sine ed 
TODSEOT ne ho eee CON AL aa 7, 700 UF ar ey ERE eaccepety doe [eal a LTRS AI al Aor 7,700 1,545 
IN DH etal eet gue a RU ANCIENTS YE ee 800 WO Ue ess Ur ck eee al eter | eee ee 800 19 

Totale acdsee 6, 270,973 | 469,642 | 23,500 | 2,945} 1,700 230 | 6,756,423 | 529, 844 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued . 

BY FYKE NETS. 

Species. Albany. Columbia. Dutchess. Greene. 

| 
: Pounds.| Value. | Pownds.; Value. | Pounds. | Value. | Pounds.| Value. 
Bullheads............ 3, 550 $788 1,914 | $479 2,676 $531 1, 232 $230 
Carpe senieces seh 8 5,625 933 | 15,100| 1,296) 4,926 581 1, 020 123 
11 Eee ether sey Se 210 50 765 | 165 200 37 86 16 
Perch, yellow.......- 1, 495 161 2, 089 | 306 1,993 244 1,075 130 
le lari eae Sane ae Soe 50 15 10 3 10 Dad A Deas bees Sere ete 
rpkerso) oe. ds .| 12,945 2,033 | 12,993 | 1,092 3, 849 395 2,050 263 
el TRI DS eke eos A i a Se [aes Sime 40 | 2 651 CU Re eao ss sad leh sees Se 

Potaleoe cs le 23, 875 3,980 32, 911 3, 343 14, 305 1, 860 | 5, 463 | 762 

| : : 

Species. Orange. Rensselaer. Rockland. Suffolk. 

Pounds. | Value. | Pounds.| Value. | Pounds. | Value. | Pounds. | Value. 
DN Ss Chzee meegeaereras Bacoeer | Caen eaeeeamar i ee epee 200 $10 | 22,000 $330 
Bullheads...........- 1, 453 $261 | 2,659 $454 |.......-.- | Jo Genctinlye fees amotio te sie 
Carp | 230 2,631 St BWA Se oose RABAGAL Sod BanSe Meee ae oe eee 

33 

Suckers. . 
Tautog:..: - 
Toadfish. .. 

ni 2 Ne ae pe 24,899  3,360| 10,867 1, 485 330 | 28 | 766,370 | 22,199 

Species. Ulster. Westchester. Total. 

Pounds.| Value. | Pounds.| Value. | Pounds.| Value. 
180 300 5 

ROLES a. eneeps-- + seus ae - 18, 894 2, 322 19, 654 1,940 | 917,568 41,279 

BY DIP NETS, SCAP NETS, HARPOONS, AND MINOR APPARATUS. 

Apparatus and species. Albany. Columbia. Dutchess. Greene. 

Scap nets: Pounds | Value. |Pounds.| Value. | Pounds.| Value. 
Alewives 150 | $15 860 $96 425 $42 
Buliheads .. 158 | 29 360 51 112 22 
Carpe Bae. 2.02 7,584 | 1,139| 5,097 653 | 6,135 786 
Hols... {40.2.2 10 2.) peaemsiets: al wine oo yas sete Meese ee 
Perch, yellow. . 655 | S4 325 56 120 5 

BR Lea oe Pe ee Lae SRS |e: Reet Ae el ae 80 25 
Suckersun < 22 ci os. eos 5, 380 815 4,001 | 429 575 rp 
Bontishete. #3; shes 2ec nee 75 | 9 100 bo (ESS ns AC ae 

Poteinon 8.) 2) aes 14,012 | 2,093 | 10,743} 1,290]. 7,447 963 

Miner apparatus: Car p...wreweld <sewvoweteowesceen| caemrcte ecwhdama > =< 5 ye oa ene lesen tis ~ 16,000 1, 985 
| | 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued. 

BY DIP NETS, SCAP NETS, HARPOONS, AND MINOR APPARATUS—Continued. 

Apparatus and species. Kings. | Nassau. Orange. Putnam. 

Pounds.| Value. | Pounds.| Value. | Pounds.| Value. |Pownds.| Value. 
Winmets: Crabs Softy. co seee | se lps os smelae DMO Oly SAO etomin ca ctelowncich callccsonee tall oe ct cen 
Scap nets: 

MIOWLVES Wooo Joseas co cclaspepesssllocspeciscl os cempas apes caaeee 50 $8 i222 Reo el Se serenees 
Bullheads ee sy ee Se. ae as Ree Sea ek Ge Nes 50 Silects OMe Sens eae 
Carp pee oe Soe sis ac ol gumapisane| s tomeane celos aces 6 {ees 2, 850 402 300 $60 
MG Svat aesinn as creme tie acters sal to ginioeloee| sale meaete lsisicloae ce | san cecie 100 NOM Scie sca speecsees 
Perch, yellow...) 250.2050] Jee ake dieis | ore eyes ale Slelateyehe ail Bee ote ereee 50 8 100 10 
Buckers/cstasceseasalesaie PES ppees poccees clalte sate peaee ee | ersten 1,021 105 550 110 

ol to] 0: | ene ae arr arrears seem rte atte tibet rime raion teers 4,121 531 950 180 

Harpoons: Swordfish......... ee ee ee ee 
Minor apparatus: 

Shiimip rise - epics eae 1,125 PTV APS Ree al CIS ee selene c+ ICS ct nce UE eB etl et ts 
Clams hard Ube sohccleces wecieelsclewccnes 7,512 SHO Se hs hel bose SSelleoesarmatsl LeGtSaote 
Clams) hard, Privatesins Golccjewe cee ecledonioinn 800 B00 nl asc pete omic eclalesecctemeclinereisemee 

Motalentnceth ecco tatls 1,125 250 | 8, 312 AS 2608 See cicle eR Rete ate 4| eke eae a sik emmeeee 

Apparatus and species. Queens. Rensselaer. Rockland. Suffolk. 

Dip nets: . |Pounds.| Value 
Mummichog............: | $50 
Crabs, hard. . ; ; 10 
Crabs SOD oes. clo cecimces " 2 =e 30 
Clams, soft, public A Seas oe : 4,875 

Potaleserei cots ME es | 4,965 

Scap nets: 
Buallheadsetae cogs ee ec eee once ese 252 | SAS SMR: CN ine See SAE SA re He Reales 
Carpe eget tec aces 
Pereh, yellow ..Jcco55c522 
[Stile <o) a eee eee 

Totals cco sec cceoesesces 

Harpoons: Swordfish........ 

Minor apparatus: 
MimimiGh Opin eee macee 
SHEN Peewee sens ses ceiees 
Crabs, fiddler. = .....:.2!. 
Clams, hard, public 

Total seeps Me bags 
| 

Apparatus and species. Ulster. Westchester. Total. 

Dip nets: Pounds. | Value. | Pounds.| Value. | Pownds.| Value. 
Mummichog........ zfasreisja biapgeeeria cine tel ste’ afew cle le ntentealers ca leme tere arama | eee 400 $50 
Craps SHREK s 2. eo Secces slsat is peetis oo ate | eaemereinto ie 4 [amie create eames etctes ol Stee ctoteine 120 10 
PADS F SOT Seo MU ee sis Bre git Si ote eet statalctcia che Lote Oni a crche |e efoto cretad Seer anes 5, 885 1, 855 

Clams, soft, public. ......--.-.---++--- pSSckleeecs (prs rinnese|acvesrecns a a aU pave! 
Totsleeet Seo ste actse bie, PS gee aia eM | DES ANS OEE a ee a 41, 505 6, 790 

Scap nets: 
AlowiVeS. 5-2-2452 5cnosccheee ances es 6, 604 598 
Bullheads .. gti Na z ae 1, 267 236 
Carp.. 60, 439 8, 341 
We See eiciomteeiecieorerenmmnmce 5 ls 3, 443 3 
Perch, yellow : 1, 645 229 
Pickerel.3 Sa hae te RO SA 4 1 
Be eee se Cece Peale eee ee Nereis 478 155 
SSUICKONS eres ce elem e alantare ce eine tera anton 22, 907 2, 880 
Sunfisht 20202225. ede ete anes 235 24 

Dota sess skies ean daklie Genes tenis 97,022 12, 849 

Harpoons: Swordfish 44, 865 9,125 

Minor apparatus: 
OWAVES. cece se Seles 72h ee SSR 82 8 

Bullheadsscsudcc 2s esse dectereere 111 19 
Carp Oe ee ee wd 22,780 3, 220 
Mumnmichog. , 000 
Suckerswacwes cee ee ect cs 614 74 
Shrimp ..... 3 5, 825 1,350 
Crabs, fiddler = 200 150 
ClamsShard) publics 2.0. 23. Mieco Eee pe ee a PTR ls ee Eee tecece 8, 096 4,150 
Clams hard: privates soot sice es ceesc alesse sie wis cel Ses oecietae al omsineeaieee| qs aceon 800 350 

Motel we co see Ss cecm stems at saat ae 7, 587 1B RS Ot BCaserandal meeciae coe. 44, 508 9,921 
a 
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Yield of the fisheries of New Yorkin 1921, by counties, apparatus, and species—Continued. 

BY OTTER TRAWLS, DRAG NETS, LOBSTER POTS, EEL POTS, AND SPEARS. 

} 

Apparatus and - spatibs. Bronx. Columbia. Dutchess. Kings. Nassau. 

Otter trawls: Poupiite| Value. | Pounds. Value. |Pounds.| Value. |Pounds.| Value. |Pounds.| Value 
COfere PARES Reed Ges ne per eel Sap NC Re Reg || sel 38, 000 S700) Sarin cen aes srr 
Wloundersasss sss esis ee. Wee ahs etl ae ie a Per Races Te as ek 428,200 | 21,160 178,000 | $9, 200 
Haddocks teas" ters ers: he RE eee | havin Sure ls Oty ues SS Re Ree | 7, 000 LOO! Ss eee eee eee eee 
SOMOS AS Gib etnies te toate cee catiete cll ares ek den atctete eae | ere aE 10,740 | 2,150 | 13,080 4,320 

Mobalecn sect. | Peete et: US SSR EON ye lhe A te Shae ME ROR onc 483, 940 | 24,110 |191,080 | 13,620 

Drag nets: Shrimp: =|; 22h eee wl ed le Sree res 6,000 | 2,000 

Lobster pots: rz 
See ania oh bane ieee 8 2 STARA See ty naan NEA SOSH ANIMN AON LE EAA aS Twallis #3 851 ¥) 6,750 | 1,350 

62, 880 | 10,450 2,425 

62,880 | 17,200 | 3,775 

1,600 | 3,875 550 
GOO is = reiterates 

2,200 | 3,875 550 

so eee 61,650 | 7,655 

se goninhs New York. Orange. Queens richmond. Rockland, 

Otter traw!s: Pounds.| Value. |Pounds.| Value. |Pounds.| Valwe. |Pounds.| Value. |Pounds.| Value 
SOdpee cram ee ao 3 5, 080 LPO | eg uy as De ff ahi | el rDeadn Fa l Ue cl eet WEA dete hase aba 
Flounders....... 90, 000 e910 elle Fg BA calla ch 8d bata ere oh 3%, 000) || $3; 000! [oo 222 SS seen ne 

AiO aa OOO ie A I Snes alto tie ac eee e = ts See a 2 Sh 000K} 13,000.55 55 cep e|epe = cca aes 

Lobster pots: Lob- nal 
FUG ey ae SSG SI AOE FRR AE a ae an eeeern tine re me 45 A00UEL, 700" |s52 see selnaeences 

Fel pots: Ray 
ipl eres oases sacl ce aes 1, 250 $202 | 1,900 $375 1, 000 175 8,355 S882 
Magmimichopts > $2) cto 2 |idseua 86. | ete d= 5| tee Gast | 3,500 SAIN | Ce BB SYel ee eeetec saonnvel eer toc ac 

Totalieccs2. =. | SAE ee Bleek! 1, 250 202 | 5,400 725 1, 000 175 8, 355 882 

Spears: Eels........ | SS: ae) Laie oa 8 TSR eee ||P “cea 2,150 DOO) |e tae sal eee ane GellletSars ec ec eee 

ry geen aad Suffolk. Ulster. Westchester. Total. 

Otter trawls: Pounds. | Value. | Pounds Value. | Pounds. | Value. | Pounds Value. 
3 es op seca PRE RES Poe cea tae La dell tt el Ln a tial ba ee 43, 000 $900 

Flounders........ 2 OOMIO2! SIGS R OO DE ker ne NAMEN IIE MCOINR, SIERO AU Ed [ihe See tn 2,831,120] 192, 922 
ELH CLCLEMG eee reS | OF Nate ect eee eee nl Seas Seat PPE 8 Ae ee cence (ake Lae 7, 000 100 
pee Passe: 52: 30 Ol eeaecoe dec llsacec as ci PEReereeee |kenemee us = 30 5 
Sea robin........ 150 LF) |e aA eared Rd a ee Sate er aad dey ne Bad 150 5 
Scallops, bay....| 18,590 OGD tates aes cee | Mee mmene come ee see a 13, 590 2, 000 
Scallops, sea./... 14, 400 PEO Mae = See era Eke eee eres ss Se | bee Rel Gs 38, 220 8,170 
WUGDSEGES Les ee 7, 985 1 Nt aS gl beled ok el eae eee at | fag 2 lll pg AR ey 7, 985 1,615 

Potetiat: dee DASAAOTD: MLGUL SST? freee ee 2 | ete ee Era 2,941,095 | 205,717 

Drag nets: Shrimp...) 76,625] 25,540 |..........|........-- IRN es aaa learn ae 82, 625 27, 540 

Lobster pots: nil 
EPL RESS am ere 7 a Ieee anal nn aati 6, 750 1, 350 
Lobster. ... 558, 160 116, 317 /1, 021,710 193, 602 

otals > oir. + 558, 160 TA ice ng rte DLs Mauve 400 80 i1, 028, 460 194, 952 

Eel pots 
OE er ae Bat 164,040 | 19, 589 1, 093 $125 | 19,145 2,207 | 219, 276 26, 244 

ETAT HOP cae ees ee a ee ee ee em ey Torry t Semen SN I ei gee 8, 300 950 
plea ls Si eS Se ee Se 

Ota eee 164, 040 19, 589 1, 093 125 19, 145 2,207 | 227,576 | 27, 194 

Spears: Eels........-. 5, 300 Wan Sete tos [ees cae Aa eae elastec temo 69, 100 8, 840 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued. 

BY HAND LINES AND TRAWL LINES. 

Species. Dutchess. Kings. 

Pounds.| Value.| Pounds. 
198, 533 |$31, 125 

Sea bass........-- 

wanes 

Value. 

Nassau. New York. Orange. 

Pounds.| Value. | Pounds. | Value. |Pounds.| Value. 
11,020 | $2,680 663, 100 |$104,923 |......--|.....-. 

50 

Squeteagues......- 
Striped bass..-.... 
AMD 0) eS 
PBILSSISH Sets )2 of 
Whiting....-. : 

Motal ens 22k 1, 305 188 | 556,733 | 56,740 | 124,465 | 10,825 |1,496,100 |160,907 | 1,796 286 

Species. Queens Rensselaer. Richmond. Rockland 

Pounds Value. | Pounds. | Value. | Pounds. | Value. | Pounds. | Value 
Buliheads= se steele sees ce acetone | eee isle oie cine eraictete || semen weer | eaere eee 110 $ 
Codes Bee seas- tee s52 31, 000 $2100) 22 52 Sane | enemas 26, 000 $1),,400)i|.. Sees 
BOs) Ee a PR ee a 260 S02 eat ee IE a) Fe ee 750 125 
Flounders......--.-.-- 7, 755 PSUS be sice siccie sce ae eis ebermeaajeilosec eco seal acetate seis Sertemereceee 
Squeteagues.........- 5, 000 de Od emcees site ecoie doe io ccasesaen i accapiden | SackeEsrelticcecskar 
Strined bass........-. 60 AEE aaaaea aos Ree torr cl percarcs. sarseeta: 250 75 
Siu a20) Nee kede ne aas | ASUSSASSeblE coeseoe els bese oSioccllssac doeeoo Saocdkece sa] -oeensedoe 50 5 
atop so sss. se kee 500 LOOM ace cece do Bio doa Gleiwrevall exec ecatenearstobel| 2 atares eregetal | reer arote lets | Sareea 
Momicade. 23-025 5.1253 1,700 | 200, |e ke se oe eS Boys Sheri i Goce deeree | borSccs ties yhoo 

at 46,015 | 4, 885 260 | 52| 26,000 1, 400 1, 160 216 

Species Suffolk Ulster. Westchester. Total. 

. | Pounds.| Value. | Pounds.| Value. | Pounds. | Value. 
is se coe [ elas Sale Hse meiner tesies eile 877, 253 |$139, 511 
Lee a a| Sects ae alereermreces el Ue 760 70 

70 t fall sees laces 374 49 
160 26 |) satee telecast eke 160 26 

2 apne a jal) cineca Se | ee eo 585,190 | 34,965 
Pee iene | screens cle s.ceeeeteel eemendas 100 

1,310 253 | 2,035 | $363 8,712 | 1,316 
LAT ena Whe AEA PS shi de dl ASe AE 26, 005 3, 039 
seated Secs osece lSatocleceitelleacieoebre 11, 515 776 
Rechte bate eral ieebeie oman Eats hc 16, 990 1, 038 
Be ie nee ae Meee Rae Amt Pein m8 Oe 19, 575 2,070 
Se baie 100 10 100 10 

aloek Steen cts thc esti 59/000) |" "15235" [yos.0- co 3| eases ees sealer ee 60, 650 1,335 
IS (004 OS elas a ao es ears aa 22) 8109) (21ST e | Paec ce cla nasee | eaee sca |e anes 22, 870 2,157 
SGA DASS ee eea seats eone ste ss 835550") 115 6055 Soscees eo |Fechgeen: oa aaeise eee 94,600 | 12, 860 
SHER bp elo} ov Wold et ee ain 250 Lu | SSeS te sie ray Aire Ls EA le i al 250 5 
SEALE ae pisses sateen neeee 23, 700 BOON Sees te eee ale on sl Spend yt 23, 700 800 
Squeteagues ose --eecect sons AM OLOM LETTS ES eS ae eres cle ra eel ae taief 22, 060 3, 077 
Striped ibassie as s2asaeheoses| gett eatecec|oseescns Netanya clonal pre atte gell eee metas 1, 160 265. 
Siniujaele sls Ree Be OR RHaRSSocE Poss sedece| Seuestne Ge aab eed |lboc aot 300 45 350 50 
ST aU oe esa ara onsale 6, 825 GION teen. fe2 oo demaeslomes Joel aati atare 8, 725 910 
sTilS fish eee se eta eee ee ae mess te nee |Cemaaee etree hee mest aie oie Bato | (ee 1,133,000 | 76,984 
PBOTH COG 22 beesth- onyercin d geiin ais oneal Fos ole = em ova] sions se ot ecenctetere rai ate penitent |e tata eae | eae aaa 1, 700 200 
AA 8 lr ee ee eee PeSes apace Gertccse RRS er el Pe OBE ctseics etised) FRB Ie cis 170 in 
Wrabs, and.jo-eeeoece scene AZZ O07 | LG sili | ates sea] ete ees hese wate ae eeettate 432,907 | 16,117 

Motels aetascys- seks 2 1, 091, 067 | 61, 437 1, 540 286 2,435 418 | 3,348,876 | 297,640 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued. 

BY DREDGES, TONGS, RAKES, HOES, AND FORKS. 

ae and Bronx. Kings. Nassau. New York. Queens 

Dredges: 
Seat s hard, |Pounds.| Value.|Pounds.| Value.| Pounds. Med Pounds.| Value. |Pounds.| Value. 

Gh tio Aes ig ge |b nece bee Beascic] Hoge ace eamcree 3, 200 POOR (evssas oe a8. 5 |lmerarerei ecto | Meese ci beaciaterciate 
ch ams, hard, ; 

PERV WGGss oer < oe dlls vac ce =|. ns Sectahaetes tp. lS age 35 OOO els S00) ence he laas cee ocllaeeeeesg-| sees 
Oysters, market, 

MOH ss. Sas. 5 al fees= sacl > sae 5,250 | $750 2, 520 D(D: | see cee sleet oralere nats ieee 
Oysters, market, | 
anuxpie See area ert lc nieleietel itaisicicies. ileis.intainis 975, 499 |227, 335 |455,000 |$87, 500 |........]...-..- 

ysters, seed, 
pu Peee ea comer Sata 5, 600 BOOM ea clatter crate ater otercteislais elec siceterell rae ere aces] sleratere 

LA RRO Ps soci SE ii Se SE (IRE SE ie eae Si BOFOOONM 2000 lates secc|owacrmcc| scone coc scrteeate 
Soallopsiseanrs! 42] cee i4| S.2 SC Ree PR OLG AT PO) SILOM Sakic Seetes | SS he 

Sf RSS OS ee Ss ee ee | ee ae 10, 850 | 1,550 |1,.063, 235 |242, 420 |455, 000 | 87,500 |........}......- 
————E |. ——__—— 

Tongs: 
Clams, hard, 
gpublic Ae. eee ee Ree eee ee [Ute es Bee tk 44°640)| LR S10 20200 |" DOO): Sst tf hoses 

mers or surf 
PTS Gem ase Coen see elas esc e 22/300 Ny D, LOO (acs aac al aeor se Selec essa aienctemete be sak tee, eae 

Oysters, market, 
RIEU ECOL eRe eee eft ne in, «| ee eR ee TOD’ ORAM SO CAT RUNES. ao Mel een eee. ce ae | ee ea 

a RCT hl Se FNS AR 22,560 | 5,100 | 243,874 | 67,988 | 2,200} 1,100]........|......- 
Rakes, hoes, and forks: | 

Clams,hard, 
iG een Pace ae ON payee ee) Dames 3,400 | 1,275 A SOOT oy Wi B20 | Erase = a errs 896 $450 

ams, har 
pitvigtpere sere pd RL. MD IPRS IS CPR 1, 600 TOOTH SE: 3] JME VT TE eee 2, 

clams, soft, pub- 
‘an cepa it, Rte en ae See 3, 000 600 14; 300 | l2eQ501|i2c.5'se2| 22502 « 6, 500 875 
eer soft, pri- 
eS SRN PE aN Ra Re (ae = aed aise TIROG Wier AOR rs Pele mie ele ee 

Skimmers or surf 
Plats . o2s4-<<fssee cesilsesiay - 25AGOO 1G, ZO sas. asa fb losssece-| eee ee clacet oe - slement » ae \besades 

Miscellaneous 
(for bait)..... 322 | $515 | 12,902 | 8,125 180 290 90 150 405 550 

sila) 171 jel A Pace aed 322 515 , 44,902 |16, 200 82, 880 | 15, 490 90 150 | 7,801 1, 875 
1 

Apparatus and species. Richmond. Suffolk Westchester. Total. 

Dredges: Pounds Value. | Pounds. Value. |Pounds.| Value.| Pounds. Value. 
rapa pe De. ea ca cose | eben 29, 850 $934 Mei 1 8, bi Fi vad 
ete) DN) FN EAE pearl areca | ecoseeee oc aaconee One 

Slams hard’ private, (li -.hbe tech. AL ul=.. ee. ST Oe 3,000 1) 500 
Oyster, market, pub- 

Ligetsy cate ees HOS SOON GL. COU |e seers seen] ae we teas seco asr tee saces 18, 270 2, 925 
Oysters, market, pri- 
owe Saat 4 Waihig” 12, 534, 714 |514, 741 | 4,949,070 | 849,009 |........].....-- 8, ae ce 1, 678, 585 

: ysters, seed, public VB S9G0. 1? 2: BOO) hss. PSS. Me Sek. ASS oe See 3, 650 
Oysters, seed, private.|...... BAM Sie. as 7,000 750 loth haoes Ei 000 i 750 

PRSTICT See E = ee ApS omocced Sidbs Sah (esestobave dc asthe as 4 isredet El loagecse 500 
Scaltopepbayeis. oye sa oe 1? 188668) 190; S7Boksiehet ual =e e- 1,138,668 | 190,276 
DOMNODSsSed <2 re oe lee fo oes ol tates © 15, 996 UNOD2K [nice Sete le ese sia 45, 012 16, 562 
Shellstites PIAL AT Tee 1, 760, 000 0,450) RET EAE STE 1, 760, 000 1, 480 

Natalee 3. ee aes 2,565, 164 |519,191 | 7,900, 584 |1,049, 501 | 14, 400,| 1, 000 /12, 009, 233 | 1,901, 162 

Tongs: 
Clams, hard, public... Oe 1A ym ie tn CE ae ee eee 329, 776 148, 259 
Clams, ae, public Bat as 2, 700 Sdepalaeeee oclele we case 2, 700 375 

CRS pm Ameen renee rica ratarata mag lam mrerasig ase fterererere sew teense era = fae eee 22, 560 5, 100 
Oysters,market 
ner eS Foren ce aa a coin 171, 528 25,495 | 7,000) 1,900 178, 528 | 27, 395 

ysters, market, pri- . 
pea saison snce pie ho ae 17 BOO - a 6OOM rst louse: 216,734 | 55,078 

Oysters, seed, public .|s. 82... 2.2 fecccues. 44, 275 GOGH Re oc | i oles 44, 275 | 6, 060 

otal?) <<, 285 ae 960} 500} 517,979] 165,679 | 7,000/1,900| 794,573 | 242,267 

1 Includes 83,718 busheis, valued at $83,718, taken up by vessels owned and employed mainly in Con- 
necticut. 
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Yield of the fisheries of New York in 1921, by counties, apparatus, and species—Continued. 

BY DREDGES, TONGS, RAKES, HOES, AND FORKS—Continued. 

Apparatus and species. Richmond. Suffolk. Westchester. Total. 

Rakes, hoes, and forks: Pounds. | Value. | Pounds. | Value. |Pounds.| Value.| Pounds. Value. 
Clams, hard, public. . 8, 280 | $3,900 | 405,976 | $53,369 |......../....... 423,352 | $60, 819 
iClams*hard,“privates|=. <= 2. seo Pole eke |ae ee ene Warcinelara scroll pitdireraerkol sts ercteeed 1,600 100 
Clams, soft, publics @s|Si5200 e-file 43, 550 8,495 | 21,000 $4,500} 148, 350 27, 420 
@lams soit, (Orivate elect sacle, cal ese alc ee ae yea era ieee: Seated 2, 000 325 
Skimmers or surf | j 

CVAD ITAS RE APs ONE |e x) ire aN | Mp Vege ot LA tee Neb sA Aa Le RAIL Be oe a Pofetchotetons 25, 600 6, 200 
Oysters, market, 

DILDUIC Ee cena 2, 800 400 OZ SS a a EWM OT ON tre alee eed 95, 655 11, 470 
NCALOpS Nba yes see e wee see e kclee tee tees 270 | TOQUE aclegae ed 270 100 
Miscellaneous (for | 

TOE geese ee ae PS fy ere Dy SN PL | BNO SME a ue alpcrsinteyeia a 13, 899 9,630 

Rotalts.s Wme5. te 11,080 | 4,300] 542,651 73,034 | 21,000 | 4,500| 710,726 | 116, 064 

INDUSTRIES. 

Wholesale trade.—In 1921 there were 132 wholesale establishments 
in New York City and 21 in localities outside of the city engaged in 
handling fishery products. The investment amounted to $3,929,404, 
and the cash or working capital to $749,200. There were 1,748 
persons engaged, who received $2,910,864 in wages. There were 90 
firms in the city handling fresh and frozen fishery products and 42 
firms handling prepared products. The 21 firms in localities outside 
of the city handled fresh and frozen fish. 

Smoked fish, etc.—In 1921 there were 22 establishments, 21 in New 
York City and 1 outside of the city, engaged in preparing smoked 
fish and various other products, as pickled herring, miscellaneous 
canned products, oil and scrap from menhaden and other fish, and 
crushed oyster shells for poultry grit. The value of these establish- 
ments was $637,735, cade the cash capital amounted to $157,000. 
There were 302 persons engaged, who received $385,128 in wages. 
The products included 10,216,625 pounds of smoked fish, valued at 
$2,971,796, and miscellaneous products, valued at $71,937. 

Menhaden industry.—The statistics of the menhaden industry given 
in the appended table for 1921 include 3 factories, 2 for New York 
and 1 for Delaware, valued at $2,397,000, with a cash capital amount- 
ing to $105,000. The number of persons engaged was 490, who 
received $182,603 in wages. The quantity of menhaden utilized 
in the factories was 171,973,400 pounds, valued at $662,910. The 
products prepared included 9,906 tons of dry scrap and fish meal, 
valued at $396,240; 23,000 tons of acidulated scrap, valued at $460,- 
000; and 2,377,824 gallons of oil, valued at $688,897. 

Statistics of the wholesale fishery trade and smoked fish and mis- 
cellaneous fishery products in New York City and vicinity, and of the 
menhaden industry for New York and Delaware are given in the 
following tables: 
Investment, persons engaged, and wages paid in the wholesale fishery trade of New York 

City and vicinity tn 1921. : 

Outside of Greater Total. Items. Greater New York. ew York. 

Number. | Value. Number. Value. Number. Value. 
Rigtablishintntst aces Montes 132 | $3,505, 633 21} $424,271 153 | $3,929, 904 
Cashicapitaley ait | 5 0ays ar WANRs bh EAD | 1) ©16831400) |0ule. 2 sed 655800) 552. -enece 749, 200 
Bersorsiengaved ts cos. cee eae eee TAD IN Serco ens eee 2915 | See es 14S eceewcin so se r 
Wikesshaid i culstcvistunan, dices bua emaaeanes 112,773, OBB: | swe aese oe rey A" eee 2, 910, 864 
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Smoked fish and other fishery products prepared in New York City in 1921.1 

| ) 1 

Items. | Number. | Value. Items. Pounds. Value. 

= ee Sera, z 
| 

Establishments...........-- | 22 | $637,735 || Smoked fish—Continued. 
Cashicapttal: 2a .-.25--.<<-- PSS seeoseee 157, 000 Pasa herring......- 43, 000 $5, 300 
Persons engaged..........-- BOo le eens WMackarele-soe-s o-2. coe 35, 000 6 
Wagesmaid.: - . <<< .545>-)25 | ra laloea cis wate | 385, 128 Salmouecsse-t-s ccs sace | 3,462,125 | 1, 169, 640 

——— Sibi | 4 oe ae eee i 79, 000 14, 890 
Smoked fish: Pounds. | Value. | Spoonbill cat. .........- 70, 000 58, 700 

Buffalofish ...........-- | 495,000 | $153,700 | Sturgeon 2s. -o25es2 62 886, 600 621, 800 
Butterfish 5. . jos 7.~.- } 374, 000 105, 600 || Othertishts 225, bocseee 93, 000 | 25, 440 
OAT eee en eee | ** “322, 800 96, 436 _—__——___. 
Giseoes: (sss<-28 2s. | 2,419,000 | 476, 490 || PSbAL. 225-22 ee este 10, 216, 625 | 2,971,796 
Hels. = 7-22-2522 fe822-4. 54, 600 17,200 || a 
Finnan haddie. .......- 1, 432, 000 147,000 || Miscellaneous products. ....).-.....-..-- 71, 937 
Herring. .......-.-.--.- | 450, 500 72, 600 

! 

1 Includes 1 firm outside of New York City engaged in preparing miscellaneous fishery products. 

Menhaden industry of New York and Delaware in 1921. 

Items. Number. Value. Items. | Number. | Value. 
| | | 

10:7 na CS eS 3 | $2,397,000 || Products prepared: 
CE SLT CAPE Ea a at He 105, 000 Dry scrap and fish | | 
Persons engaged.......-.- AGO Nie seh oraicin are mesh. oo. 2 lis ons. - 9,906 $396, 240 
NEAPES DMI. <2. Sot aes tala acninn se eee 182, 603 Acidulated scrap-do. - 23, 000 | 460, 

SSS One = sstetae gallons..| 2,377,824 | 688, 897 
Menhaden utilized...-...-. hae 
et ae .-pounds. .| 171, 973, 400 662, 910 Waals -c-. gaseaeesaee sees es | 1, 545, 137 

FISHERIES OF NEW JERSEY. 

The fisheries of New Jersey in 1921 gave employment to 5,771 
persons, of whom 2,164 were on fishing vessels, 28 on transporting 
vessels, 2,982 in the shore or boat fisheries, and 597 on shore in the 
wholesale fishery trade, menhaden factories, and other fishery 
industries. 

The investment in the fisheries and fishery industries amounted to 
$4,701,704, which included 370 fishing and transporting vessels, 
valued at $1,181,050, with a net tonnage of 4,590 tons, and outfits 
valued at $262,410; 2,686 boats, valued at $684,679; fishing appara- 
tus valued at $672,703; shore and accessory property valued at 
$1,587,762; and cash capital amounting to $313,100. 

The products of the fisheries amounted to 96,936,784 pounds, 
having a value to the fishermen of $5,983,406. The principal species 
in the order of their value were oysters, 22,997,555 pounds, or 3,285,365 
bushels, valued at $2,759,930; squeteagues, “‘sea trout,’’ or weakfish, 
11,651,735 pounds, valued at $902,439; bluefish, 2,243,425 pounds, 
valued at $390,947; clams, 925,588 pounds, or 112,111 bushels, valued 
at $385,198; scup or porgy, 4,115,552 pounds, valued at $200,046; 
butterfish, 2,862,491 pounds, valued at $159,286; flounders, 1,985,340 
pounds, valued at $140,586; croaker, 3,815,554 pounds, valued at 
$126,700; menhaden, 30,405,093 pounds, valued at $121,451; and 
mackerel, 584,386 pounds, valued at $100,556. 

Compared with 1904, there was a decrease in the number of persons 
employed of 3,323, or 36.54 per cent, but an increase in the invest- 
ment of $2,015,908, or 75.06 per cent, and in the products of 6,828,716 
pounds, or 7.57 per cent, in quantity, and of $2,597,991, or 76.74 per 
cent, in value. 
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The following table gives the number of persons engaged, invest- 
ment, and products of the fisheries of New J ersey, by counties, in 1921: 

Persons engaged, investment, and products of the fisheries of New Jersey in 1921, by 
counties. 

Atlantic. Bergen. Burlington. Camden. 

PERSONS ENGAGED. | | 
Number. | Value. | Number. Value. |Number.| Value. |Number.| Value. 

On vessels fishing. .......-..-..- | M5 nha iuis ocicc th Mee eee onl < atest tase © cin =a a ctae sole cs > <peSahiee siaae 
On vessels transporting......... | ea eee Drea Ue 1 Wil Pape ea te | ee ph Pa es 
Inshore fisheries. ..-. 0: .-. aes SSO len wah tt D1 Sohal Ss a Ua} iol alee BS cee ae 
DHGVESMEM 2 ast create eine eaten VG | safes s occie atabistelt =:0)5) co las bihdie acres a ctel| asin ete = oil oie seed pe tae 

INVESTMENT. 

Vessels fishing: 
Gasoline $130, 300 

Gasoline 

Boats: 
Sail Tow pete. ...-.0- «2 sheee < 239 8,755 | 13 |$1, 000 90 | 2,470 15 $450 
PAWL. eet teh tke chown 193 | 73,400 4 200 88 | 32,150 16 | 4,200 

wee ae vessel fisheries: 
IBTITSS SPINES): ee sees enon TO" |* 10) 700) |. oe nn calle aie'c cine |ointe sc aja cee oa ete eet tee eee 
Gillie tsnicys pase ee. ate era 424 B 035) sees Be. clas GAS ciate pate ioe Sekt pict |ersicte'y aeletall aisiatereite 
ObtentEawiS.. >. see sbiscecetee 5 SOL [pe vstisciecll cebote cesta sem § cine t all sicis Sacaorel| S etemyete Sigel Sista Pretee 
Lines, hand, trawl, and Set.teiieel.c Bk Ce OY ee ISSIR NGOH natal Ocoee Mare Sera SUD ascocs ES Serets 

Apparatus, shore fisheries: 
Pound nets and weirs......- 
Hanliseines# spews ss.< sees 
PUrse|SCINGS--eicec ans ae 
Gillkmetsh. Gh ago saihie st eccektt 

Stop motes 29. 2a etch. 
Bye ets: ales. so ces pe eines 
Bae netsit oi soo. tthe e 
Lines, hand, and trawl...... 
Welpots-catees sc slsjck - soessios 
(bred vest en eres aha een 
Tongs, rakes, and hoes.....- 
Other apparatus............ 

Shore and accessory property. - . 
@ashicapital: 78 Fle. Jo. ste eae eee 

Bamtordee: Set cccaasoaeeueee es 

Role he jehesesee Lh 2 She ies 2o "bok 

Ra werw se. Gee. AOC SRI 5. 
King whiting. ............ F 
Mackerel. . 

ROT CH WLC uie.- <coe ajejna ja! ae hapa 
Pere, yellows. Se. se. kee 
Pikeyoripickerel seaiese see saecc - 
eeu OMIDOL LV ceric cei cists lee ine 

Spotace sissies 2s. as BAG I 
Squeteagues or weakfish.......- 
Stripbdabassise 2S. feos aeons 
Snekers.C. 252. 2e.-. .Obeh aie. 
SUSUEO Pe eerie ase ele eee 
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Persons engaged, investment, and products of the fisheries of New Jersey in 1921, by 
counttes—Continued. 

Atlantic. Bergen. Burlington. Camden. 

PRODUCTS—continued. 
Pounds. | Value. | Pounds.| Valuec.| Pownds.| Value. | Pounds.| Value. 

BSTEDS ESD Ibe ec cee seers 440 + a a aa PR Lh JD I SY Dd ees IE Sat ok he 
‘Clams, hard, public. ............ 230,320 | 104,220 54, 000 |$24,300 |.........|/.--20- 
Glamis, soft, public: = a7: 23: 11,000 1 18 at a ed ge eee hE AON IC Ea a ec i eae, 
Musselsio- 525 tect rss: TOONOOO* he 5s O7O foe CRE |e MA Cae ale weiss atone [AMR 
MOUS Lats Mar KOLDUDNCee ssc s se lcascaceseclsasataens TA XO00! | 2125200) Se oe esa ao cee 
Oysters, market, private........ 530,075 | 104,607 1545000) | 222800! cece |e ees 
Oysters, seed, public............ 56,000 | 3,895 SOON a s000N Meee chee pee 
Oysters, seed, private........... 5, 600 269 125000" |"8;\000!|/RRtset oe. lo - aaee 
PICAMUPN sess Mae ese es eemaien e's © 540 G03 ee aa ee Ge en aes a ae er OE BEN eee Ae 
DPirtlag a ei FS eee: 1, 200° San banat MAORI. SHOR UL gis les! Sorin > eS 7 PANS eee 
“LN: )ag yo) Mie es eye ot blll Oe ae 225 CP Tad ee ees p0) (See Heh nd 1 LBs SPEIER edd nag apg at 

Motives sore Leechs eis. 8, 657, 548 | 489,086 | 28,420 |$6,669 | 531,257 | 89,884] 34,991 | $5,818 

Cape May. Cumberland. Essex. Gloucester. 

PERSONS ENGAGED. 
Number. | Valwe Number. Valuc. |Number.| Value. |Number.| Value. 

On vessels fishing ......... SOSH Lee bye ote 1 236 bres RIL ata lienstar eer art be ke te 
On vessels transporting. . . Dis | Sotetraeras a Roehl eee AABCe acorn 4S LER 
In shore fisheries .......... 50S: eceaeeect = COA 3 ae eee | ee ae oe | eee a eee 63) eee 
Shoresmen -. . 2: <0. 07. G6i Boce cere GY Lopes 1) Ul ae Soe oe LAE ES 

Motalesres esx ote O84 MERE oss: G30" essen ee oe 1 Ui) ae sea ae Aa eg ee 

INVESTMENT. 

‘Vessels fishing: 
Gasoline 

Tonnage 
Outfit 

Salta 2-:; xs 
Tonnage 
Outfit 5, 705 

Vessels transporting: | 
Gasuliness slocace tos 1} 3,000 Maa 25510, 1)) (2 es Seen! 2 |$12, 000 

Tonnage.......... DAME TEE RSPAS Ch no <TD lca enn emits ernest tN WINS say es bE pee zane 
OGtA Ge ei Noro tars DOD rer se 2 OTSA eee 2 OS eT 500 

PUAN eae Far Sec ee ees [ateroralctes-fee |e 3 Ce ee SEM ee Cae Sete erate yl tie (rn cn cs fa 
"POHBRES fh see ee? oo Ie lc ae aa a ee (a ee LRRD oP ge Pe 

Boats: | 
Sail, row, etc.......... 122 5, 380 116 3; OSAMA ee [bechempanse no 29 799 
POWer 22-2 cee ta 276 | 140,110 142 H2sBOOL Sees sos er j Sree lupo 32 | 6,750 

Apparatus, vessel fisheries: 
Purse seiness. 0... | COWL Wes 78 (0h eRe Se te | Re tS SUA bee, Cae See heen eget eR oh ee ets ie 
Gillmets e =.5-. 4.2. | EN MF ESTGT 8 [eek SR a eo VA aR ES 5 (Sy Se aap (I RT Noe 
Hot diatets: 4. 32322: -| 26 Mises SOONG SY Sele. Sema lore so pecs te se hed lead (ee 
Otter trawls.......... 15 1, 085 2 P40) RSLs ee Wee o cee at ee eee cl Se aeoe 
Lines, hand, trawl, 
NEC RCE) Pee Lag | earner LI Peat Ones Ire oa [espe eee el (ey ee | MHS 8 el ct em 

Dredges:..-s< ae22 532 | 6 | 130 408 DOO tees ao este co St. oa ecto se = se | eee 
Apparatus, shore fisheries: 

Pound nets and weirs -| 78 |.- 4,380 77 SAO eis cece |es coe lle SOR 
Haul seines........... 14 | 
SW) a ae ea 1, 220 
Otter trawls.. -..0..... 4 
SSERPRIEES to ee ao SEE ees a 13 VALIUM [SE pie etal eae as 14 | 2,000 
WYURGMOtS. = 5) S2Ares.... Mei 1,700 137 4G 2 oe He 2 ees eee 187 465 
Lines, hand, and trawl].........-.. 171 ee ee Ve eTGSt| eas eae Seer ae pecrere rs. esc! 
Bel POEs: 2. 2 IRR. 210 335 275 Dorlaeee se [sepeseenel cdc 2Sah by -e doe 
Wredges: 20s 2. hie. 2 | RO Une ect Aee.|2.aebeese ous cess et [ee eae | ec 5 Sey cae 
Tongs, rakes, and hoes 215 555 98 ZOO} 2 ae [tbe del None alld we ae 
DRUG ANPALAps oe le esiccdasloed- doc. 7A i a uae | Oe Se ae he 6 30 

Shore and accessory prop- 
ces ©. Be ep ee i e728 Ft | (ees oe A0G cde teres 19262, 530 |. osien =e 400 

Gash Capital thes so ieee 2D hl eee 136; G0O)|£f222227 | P8000! fries ,2sulle ogee 
1 eee Wie eS —— 

Total ee PL RS ee) oe BT MGILS oe se saeco 1 20480) |e ess sel 200! Bao | eee da gee 24, 404 

PRODUCTS. 
Pounds. Value. | Pounds. Value. | Pounds., Value. | Pownds.| Value 

PBDACOFG 2022 ooo ee here. 2, 800 $84 600 Co) aE ae es jidtecey Ss bri va. Naa Spe is a ta 2 
Méwives:_....5..: BER.. 30, 400 512 10, 000 BO0G sion ck Eebnoelt Seale he antes 
GUSH. | 5S 0 es eee 793,876 | 128,644 120, 400 DE ORO Mee eek ee Joe er Se Rees Soh ee 
BGwite <62.222.sce0c rere 219, 747 14, 649 59, 600 USUI e Ase) ss eee eh ae ass | Seas 
Musersn..2...... eB. PUL MR OLS een | 2a es Soc eRLot ts cian c aal tiemeencsaict emeie teteelline ctr & 



92 U. S. BUREAU OF FISHERIES. 

Persons engaged, investment, and products of the fisheries of New Jersey in 1921, by 
counties—Continued. 

Cape May. Cumberland. Essex. Gloucester. 

Pounds. | Value. | Pounds. Value. | Pownds.| Value. | Pownds. | Value. 

Fels, ‘eS a eRe 
MIOUNGETS eee yee eee ae 

Mackerel ee ere oleae 
Mullet tre ee ee Bee eee eee 

Perch, Smita .084 « .c 

ROWOCK een se he vensieme 
SCUp OM POLLYo-ceene secl +e 
SOR OASSec cre ceeene 2 aceee 

SEaLCSIAMG Trays Uso oc coal! gs QUO! ce LS ee oe ne eee 
Spanish mackerel......... Si beans BIE es see 
Dye) Hee ae Ae Se ERE 
Squeteagues or weakfish. . 
Striped bass 
SUUNPOOMS =f co. Succes 
Sturgeon roe ind | 
RING CheSSHHaaneee Meenas DNeHosear aalmbeeboes 
PAULO ete ceceececences| .,. 4G50H14) 2 We eee 2 ee eee 
MUNG Shee ee ce eh see nye ce 
Viti 2 sea ee TP AS O00 er 64a) [oa - 10: eet. (eer 
Otherntishs . 20 en eas ala hs ABA Ale pee LT Bee. spol es ares 

Crabshard ©: 4a elses 255s 
Crabsikinpe sim cms n cancer ; 
Ha Ohio UR a eae eee eee F LOO) Tee acter ga ee os Se | 
Clams, hard, public.......| 
OMIUISSBIS Ne seo eevee ae A tice TAS a NO re eT | 
Oysters, market, public...) 42,0000 6,000)... 0.000. ju | 
Oysters, market, private... 40, 607 | 7,912 | 9, 912, 280 }1, 869, 702" | 
Oysters, seed, public...... 155, 400 8, 880 il, 383, 400 650, 480 

Motalies ates ceecsce 15, 709, 674 | 796, 889 /23, 427, 217 |2,621, 448 | 

Hudson. Hunterdon. 

URES UMN Number.| Value. | Number.| Value..|Number.| Value. | Number.| Value. 
Oniwessels fishing. oscaaces seis ia Ve LT eee =| | Aa Re | A ee 7 Aut lt) ee 
dmshore fSheriess -. snes acme 3) Sedeakter 1 eee 59 || oee22 5 fs 
MSMOLCSTHAM nv oc cet aouce eines remo bE) ee eee gS) Pescara A || Pare hl levees | Ruck Si RE ERE er cl ae 

Total: eee ec eee eee 1 Hos eee! ere ES Re ee 59 | seobtands SHUI IHNLE 

INVESTMENT. pare a hoe | iW rm | 

Vessels fishing: 
(GASOLINE teM ls bane eyesore See vals 1 S500 Woe elecas cee aes Sept PN acts 1 | $1; 500) 

FROIWASC cpa crtvvcsniceal sare as C0 pee es NON eaten a yr) fe Seaparoain Papas ear tase SO OUTS ae 
OUUA Er Race nec oboe cee ean 74 ae, || ey Ma || Aes esos (| ORI he Cia oe oi 3S 500: 

Boats: | 
Sails rows etCya-eo-coscees Re ul cts teMie ote I are ees 6 $160 22 $820 13 550 

y ! 3, 250 

2 
4 

eee shore fisheries: | | 
ERA ULSeIMNeS seeker ene es efaace eee Serre 4] 5 410 12 | 1,075 | 8 3) 350 
GUTMSES ek TE | ER Heelan rl gs Bae 5 150 | 2 400: 
Ry Kemletssss-vascies 2. ones 3 CONES IES ee joer atic hee aiiied ih fen eae ae CEENS ee 
MeN OCS one eee ee eteete als ciao oll ioe eect Merete [Pee oA ee Ite Se ee ae eee 210 420: 
Lobster pots: ...203.... 202 70 ZOO) NEE. es MAE tel ee RL ly 20 40: 
Tongs makeswand: hoesysso2s | dees ae sae aera Af I Ses 3 Wk ee eae ee 5 40: 

Shore and accessory property.....|......--- SiO7S hs eS T50E Oe oS. 2} DOO ew tetas 590 
Gash capital Eki, cen aaa lice Meas 2 ROO 2 LR RE Lae Wee oo eee |---2225 |e gtVawle 
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Persons engaged, investment, and products of the fisheries of New Jersey in 1921, by 
counties—Continued. 

Hudson. Hunterdon. Mercer. | Middlesex. 

‘tag or Pounds.| Value. | Pounds.| Value. | Pounds.| Value. | Pounds.| Value. 
Pou dboe 3,950 

Eels, fresh 
Menhaden 
ROBO eRe cet gcccias oo pmite ot wae es 
STI) Ras Be eee ae eee 
Squeteagues or weakfish......... 
BECROIS Gates aca c hos teacac ess 
RORISLOL sie desn'atiase sc ee ete ~ ss 
Clams, hard, public........-..... 
Oysters, seed, public...........-. 

Ob Mlewturrc ch ccas che ceecon's 

PERSONS ENGAGED. | wamper. 

On vessels fishing...... | 93 
On vessels transporting. 9 
In shore fisheries........ 755 
Shoresmen.........-... 150 

dbs) hl |e 1,007 

INVESTMENT. apo Se 

Vessels fishing: 
asoline........ ee 19 | $81, 200 Bt MOA BOO | 1. ee deloce uses 215 | $830, 100 

Tonnage....... 73-19 ie ie |e AS A Meee SO pe Rye he Ieee PRC UR Be leeds sl 
(Overt ye ee Reel Meee ei aL 10585505 so Secence TOON osaacoomalenescsctsaceorm ence 203, 940 

Soi Le io a ee ae 2 PESO ol Seow dae: oe atecicnlodeanaceckeceases 127 | 300,600 
Tonnage....... 20s dee en Nae nis Stale a lta cd anicts ate aetas vebaleeeaaes | W818) [oes cee 
LOTTLATE TS See aa See. ease Ug) BREE areal A ale ees Me thle al eS NS ma te 56, 295 

Vessels transporting: | 
ASONMBE ee 22.082 7] 14,400 2 1, 500 1} $500 24| 49,500 

Tonnage....... BG y|Jsceaec oe DE tee eee Daitceaoce D5 ae ae 
OLE TAN re ee le eel A el GONE Sccarese eS LOOM Sao aa oe let sates |'s\lae see eelete 2,175 
UE eens: oo does 1 TV | fe pee el HE Sheth SANE Shel ll PO 4 850 
Tonnage....... Cl et a I io a ae Oa OCS ltd EE ee PF id espe tex se 

Boats: | 
Sail, row, etc......- 200 5, 625 203 5, 750 67 | 1,795 | 1,125 | 36,759 
Powers ts Gs oc sass: 357 | 203,485 350 | 111,025 84 |20, 550 | 1,551 | 647,920 

Apparatus, vessel fish- | | 
eries: | 

Purse seines........ 4 ZAO0N) |= eee Hi Peek dor i a [eS RUSTE tas 20 | 23,000 
CUB 0) yee ie ae 100 PESTON osama sees ee als dremee sete ass = 991 17, 165 
MINCE LS. tacet les esetece SERS cece 56) | 81) 350) |e 22 eee oc oes 82 | 315,850 
Otter trawls........ 1 Na Ke eee gs he SRR De eine ae [ep ere Send eee, we Ss 23 1, 630 
Lines, hand, trawl, 
BUG SAL me aka. . fr oceecmor sos Zi, | Soe ene Saeco rate seen camels se alee beac es 1, 296 

MGUTMOLSewee see | cece. 152 SSA Soba Me mebGak sec) em fe aE ede 4 | Se Se 50 125 
Lobster pots....... 350 | ADOT IS aa ieee eo ae il aie eee ge 350 450 
ned Pen: Sass soaks. | 96 565 8 UU OY ee | 520 10, 605 

OB sage ce sds. 58 Re al Beers weer PBR E ie te Lae Se UE | [epee Brae 62 630 
Apparatus, shore fish- | 

eries: 
Pound nets and | 
EUS a9. ails =be isc - 1 UB Mia) Ege to Bd pe tia oY a ay ay WI oe a ees 217 | | 135,220 

Haul seines........ | 2 325 42 | 3,715 44 | 1,320 184 | 13,550 
EMIS HEUIGH sn Sosa ccle cet ste oe | onemecciewe[oakise ets ccs| sidscac cess |sde~secec lpscistiec 1 690 
ETRE < | 422 | 12,664 845 | 8, 632 125 |13,039 3,657 | 100,742 
RERISLEV ES 5 eos [Suen one ston la ec eterno ls cet eee alt dont tee | one eee 8 540 
Stop nets.......... Bo s6 Se FE RRR, | Ae Se eae feutaagase: 34 | 5,810 86 12,365 
Fyke nets.......... 25 1, 170 425 | 4,046 290 | 725 1, 285 9, 530 
Bag nets. .......-.. Pata I Aten ph a soc Saas ape sea bs ek coer here ah 58 1, 160 
Lines, hand, and | 
and trawl........ lite Dotetasee eo lemaily OAD iors bie os PAWEL El ON M0 Yol Aas ea aes 

Wael Pow.c.t yi o.c5ee 2,723 | 2, 846 556 556 108 | 160 4,102 | 4,632 
Lobster pots....... 10,215 | 10,654 40 OGRE eS del: cle vatee 10,345 | 10,944 
Dredgess: wae. <2. sc. 2 30 14 DODGE. shisioon: Were 52 775 
Tongs, rakes, and | 

OOo yasceceneatee 198 | 1, 267 353 Lydon eee 2 ate sce 1,321 6, 728 
Other apparatus... 40 41 2 1 10 BOs is aia ears ap 143 

Shore and accessory 
WEOPOILY 1.5.0. SUL dea oe = 274! 1 if | a 284,911 (30.0 29k2! TE 500 HLA. ALi 2 1, 587, 762 

Gash rapital oooh. ses Joceeteeeeee “EAN eee TOS S00 se a oe VO et ee ae 313, 100 

1 EO el b agies supa TCs y fa a 672666 (ee 169, 469 ):..--pokse. 4,701, 704 
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Persons engaged, investment, and products of the fisheries of New Jersey in 1921, by 
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Monmouth. Ocean. Salem. Total. 

PRODUCTS. 
Pounds. Value. | Pounds. Value. | Pounds. | Value.| Pounds. Value. 

mlibacore’ pec Le 65, 392 $2, 158 55, 600 $1, 699 600 $18 125, 642 $3, 985 
Alewives...0 2.020 2802¢ 22,158 872 308, 700 9,375 6, 000 180 408, 193 11,914 
Blve tis kee tetas 685,331 | 125, 860 345, 397 62, 258 5, 000 800 | 2,243,425 | 390,947 
Bonit cheeks a ee 192,929 | 11,613 | 1,008,077 | 60,476] 5,000] 250] 1,503,253 | 91,046 
Butterfishy ve | 222. 754, 226 38,193 | 1,602, 412 coo iets to lege Nee US i 2,862,491 | 159, 286 
CAT eee em) Mac mein s Nace iiis mays Ol Se ho ea See 190, 480 |31, 218 329, 555 53, 184 
ar SSnie Bang He bere ol yo) | ANC e nel anata ae 1, 430 112 | 56,027 | 2,931 101, 067 5,976 
NO Oct teeter eg 177, 132 |. 8, 968 91.245 Sy OOL eee lt ee 687, 277 37, 353 
CROPKEE NS aes 317, 604 10, 249 | 1, 228, 335 40, 349 80,000 | 2,500 | 3,815, 554 126, 700 
Drum, black. 3.522222. 27,934 558 39,125 LOD at toes sh Sake 67, 659 1,365 
ID ARG Maa yiifeX0 ly SI Ree Ry PR IO eh peg eg tt al bts ae Pt, i aoc each STS 500 10 
Hels; treshia les oe 129, 735 13, 562 31, 656 3,164 | 13,975 | 1,678 274, 754 26, 450 
Eels, smoked........... 4, 680 1 LS AY Ley ies SPS aes See ly Al ree [eee SP 4,680 1,497 
Mloundersts: vse. ees 198, 349 14, 262 542, 343 38, 669 5, 650 395 | 1,985,340 | 140,586 
Haddocki 25 or 20 1,000 An ae ewes 6, 300 338 
Hake.._.. ..| 632,942 | 19,904] 167,469 821,018 | 25,563 
Perrin seep a se 36, 825 1,167 73, 707 172,732 4, 464 
Hickory shad 22252 es 6, 574 293 21,571 28,145 1, 582 
King whiting.......... 5, 340 819 7, 567 24,119 3, 334 
Mackerel ee ese tone 116,019 23, 787 15, 200 584, 386 | 100,556 
Moentratenaa: sus gene 24,218, 727 91,717 69, 331 30,405,093 | 121,451 
Mullet, fresh. .).... 2222 4,060 204 2, 400 18, 460 1, 136 
IN ub dd sy pansy2) Uw cye sabe RAE atl ete Ain lI ar ake er eo 1, 200 240 
Perch whites. oe. sut. 2, 353 353 93, 862 130,970 | 18,791 
PBICHE VelLOMe cmc acieae ss vdemancet| sec seme 20, 210 31, 282 4,708 
IPVKSTORPICKETel ep entn lene ee ce meee ce | otters eee 500 100 
BONOCRee nee te tose 1, 240 52 300 4, 540 127 
Scup or porgy.......... 183, 467 11, 033 547, 469 4,115,552 | 200,046 
SBarpasss sect tok eksea 34, 067 2, 285 31, 244 1,378,330 | 86, 823 
ea rODIMen at one deee 43, 740 866 19, 500 63, 640 1,340 

(rye ASR eA ATM lire 6, 820 1, 651 30, 839 168,637 | 44, 460 
"SHV al cca: etal ede eteee 22, 559 450 35, 900 60, 459 1, 232 
Skates and rays........ 23, 600 616 11, 600 43, 100 1, 186 
FS HWa Ye) UG gee eeah a vce Une xed ad OE eka ed lc al Re beet alg | 450 335 
Spanish mackerel... ... 624 146 2, 808 3, 982 979 
DOM ccreee ce one cha 51, 612 3, 167 77, 800 189, 548 11, 502 
Squeteagues or weak- 

iikss aad apa egies 0 Oa el eit 1,982,975 | 160,050 | 6,008,632 | 479,165 | 14,000 940 |11, 651,735 | 902,439 
Striped bass. ae 2,990 554 5, 306 Oy ateiaer sacl seioctece 70, 348 21,691 
Sturgeon....... Leena 1,964 287 1;140 342 | 11,425 | 1,718 45, 825 7,120 
SLUM OMiGaiar ssae gto |e neaas| ees cameos 74 1G 4s | LA Soest sie) ites 74 194 
Sturgeon roe........... 241 7A laa Pane epee eee NEE eae els 1,685 | 5,055 3, 572 10, 746 
SUCKS OPP akE ye nite mania. eerie) ois waaay 492 | 39| 2,978] 479 50, 664 5, 139 
LMSW Ao) a nl 37, 192 2,310 1,500 eLearn ORI 44,043 2,650 
Romicod Mh eae 1,750 87 200 | TOE) Se Ba ine 1,950 9 
“LATO: Yes er ese a ce 44, 164 1, 764 34,900 | 1, 565 370 14 87, 734 3, 493 
SAVIG Hed ea 2 1,720,403 | 34,408 | 1,509,030 | 29,190 |.........|.....2. 3,280,833 | 64,371 
ONTO) ATG) a Te 275 14 50 ais Atoveloleto.o- a eerie 789 34 
TOWStOR Reuss. csi ome 390, 941 87, 088 1, 400 Bi Ui eee eee Sine Ges 397, 841 88, 588 
SHAM poten cac odes 20, 000 AOR Te SNS SE A ee erase | Renae avers at] 2 ats poe 20, 000 400 
Crabs wnardes sees suse. 110, 644 6, 720 1,000 GO octessodnsle cee Sy 119, 244 7, 290 
Grabs soltas ste Tes 14, 560 5, 464 1, 800 ALON eee eel coterie 16, 800 6, 132 
Crabs; kingss- 220200322 28, 000 HOO erate se Ae eee | ie Bate i AE 3,313, 174 10, 416 
SOEs BOE Ga ee ele Oa ee 2 104, 302 4,398 307, 600 DELON et See Se eh ees 433, 902 20, 008 
Clams, hard, public....| 95,576 | 46,737 | 309,400 | 139,240 |.........]....... 782,088 | 364,548 
Clams, soft, public. .... 128,000 | 19, 100 4,500 450)\|2 4 Re Col aaa 143,500 | 20, 650 
ING ADICTS I ie PIS Pe ba ie Ss See ease yee ee aes eal es ete Seal ered Pa 791, 000 6, 070 
Oysters, market, public 10, 500 1, 550 2,800 . AAQT ES 2 ihe ea eM 69, 300 10, 19 
Oysters, market, private} 160,293 28, 600 180, 600 26 S688 lia te daercere'evsratetre 10, 977, 855 |2, 060, 300 
Oysters) seedy publics ssa ee Lo eee Most ee | 2,100 TSO thes pe rarcyctl meters 11, 638,900 | 666,905 
Oysters, seed, private..|. 15,400 1760!) 178) 500M pel 25001] eta es | eee 311,500 | 22,529 
Scallops Nh eps he SIAN ISS BEN SIGS eas eae 0g OS RS eS eee eae | 540 90 
shurtles: es Wy eee 4,500 | 2 ie emit RSE = 13,715 334 
Terrapin -| RS ESS oe We He steasee AacsoNGs 60s do 225 225 
Winkles....... BAO) STEEN Ae NN EA ae eat a aN ae bree et ee eye ac 7, 800 159 

| ‘feud parte ais a EAGT) SYOEWLMES 2g) 

Motales-¢ neu vee 32, 853,025 | 789,327 |15, 038,621 |1, 096,002 | 449,912 59,904 |96, 936, 784 |5, 983, 406 

VESSEL AND SHORE FISHERIES. 

The products of the vessel and shore or boat fisheries of New 
Jersey are shown separately in the appended table. The catch taken 
by vessels amounted to 55,168,849 pounds, valued at $4,179,742, 
and by boats in the shore fisheries to 41,767,935 pounds, valued at 
$1,803,664. — | 
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Products of the vessel and shore fisheries of New Jersey, 1921. 

95 

Species. Vessel fisheries. 

Pounds Value. 
AUDA CONS fe 3 Ga oo co dawn eh nn sch 58, 650 $1, 795 
Biewaves seo. ae Rt eek 10, 000 100 
Bigefishy. eves 2... Sv3o-peryitat: ay 1, 060, 748 172,194 
BOTIUOc in te aos ince nc ck ee 857, 224 52, 661 
Buiterfish Get. Bait aod et 2,104,917 | 120,975 

PE] NEC oe NER 2 ACT Beep een Lele, oe A] Leena CEP 
Watheniasertete S.8e CREE Srl NaS RE! te Sa Poy 
God Mycead pe. cskvcéeeyaya-.fdad 119, 845 5, 116 
(EIEN a inlet | eel cis i Bie 1, 803, 400 59, 440 
Drum black v2 f26.3.43 23 3iii: 39, 725 807 
Ly TEES oo ee ee a eee 500 10 
Bubs, tresh-. 2. 97. Fe Ah 7, 000 699 
CISHSIMOR OC Se ostaoia <2 acters wise’ a nial cisieos selena coma e enatere 
MUIGUINGOESs teh een so. o. cect ob cese 1, 305, 668 91, 658 
LEG Se ee eee a oe Pe 2, 200 124 
Le es see 183, 776 5, 430 
LS ch 1c Sek alee ale aaa ge Sp 135, 907 3, 297 
PIGROLWESHAG = Sno = oc icwiten ee 21, 571 1, 289 
PEW E 70 a8 5 5 ona to eee 13, 057 2,027 

1 YC) Eo) | Re I a See 326, 477 54, 636 
Menhaden-s0s¢2>: o.cci2eie:: 10, 147, 631 48, 760 
Mulletamesn oc... eek Suet adds sere 400 32 
MN GpeSnIpORe ee ees ere | cue aot en aati eas ct cet ome 
Perch, white.......- 
Perch, yellow..... 
Piket 7. :\_ see 
Polloeck.-;..=.3 
ae or porgy... 
Seg bass..-2 03... 769, 533 48, 620 
Sea robin...... aes 19, 900 474 
Shad... Ese. ts 32, 007 7,941 
Sharks. . 200. ° : 37, 500 774 
Skates and rays.........2.....2:. 18, 700 538 
PHROM a ce eae oo aunts Soocees sta fomecdennstisaleles otasacs 
Spanish mackerel................ 3, 358 833 
Bpots sees oon. ctkcoesoceelss es 114, 065 7,177 
Squeteagues... 655, 850 
Striped bass... 
Sherrreorrs nes se re a 1,680 498 
Bulweon CAVIET <b so. see cee 74 194 
BUMTSCON FOG se... sooo e su oveee schon cee eee 
DUCKEISS Jee os = ose btostiodas tdlap stone eae selves chinese ass 
Man tetetee.ce. t= cs | Wor 3,350 256 
RGMCOG Me eect cove ec cnce tee ech Fe eles dedces 
VTL ee GH Cae ee eee 31, 100 1, 449 
Wyeilinioe ser eee sc sacaneaecs,s 1, 554, 030 29, 835 
hier fishee Ps oes oxasceegueceee 514 20 
MODSCGL © Mess cei cas paserosaves se 30, 000 6, 000 

BITS. Pesce pense sacaesouseece 20, 000 400 
Mrabs, HAPs oi. Sco tvesivsts 94, 999 5, 700 
PEAS, SOL as cce este aeons seelidoomgee ma cls dete atlas 
Rees, KING cod. 2e te sae |eavezasecase[eeeee rece 
PRG SAS ES ere watt ass Seeks ah eB 2OnGO0 15, 610 
Rolams; Hard! 3-2 -ae S955 225. 46, 000 23, 600 
IRING SOMO 8 tac oredoued letter csentclaed ahs cetaes 
Wacielg) PH 0h... nceoe ices Ve deradetua eas boddecs sucies 
Oysters, market, public.......... 10, 500 1,550 
Oysters, market, private. ......-. | 10,178, 987 | 1,915, 214 
Oysters, seed, public............- 11, 361, 000 9, 800 
Oysters, seed, private............ 56, 000 4,000 
Beatlgpise. calc ten is. sed 540 90 
Wortlos S500 2 Se eee ee 4, 500 90 
SUGEMRNTice Sree 2) Pe SU! nts. atl acocee cee 
VA EET tye a RS Bae peat ii ae 7, 800 159 

UT he ae ae Sie A li Dea 55, 168, 849 | 4,179, 742 

Shore fisheries. 

Pounds. Value. 
66, 992 $2, 190 

398, 198 11,814 
1,182,677 | 218,753 

646, 029 38, 385 
757, 574 38, 311 
329, 555 53, 184 
101, 067 5, 976 
567,432 | 382, 237 

2,012, 154 67, 260 
27, 934 558 

267, 754 25, 751 
4, 680 1,497 

679, 672 48, 928 
4, 100 214 

637, 242 20, 133 
36, 825 1, 167 
6, 574 293 
11,062 1,307 

257, 909 45, 920 
20, 257, 462 72,691 

18, 060 1, 104 
1, 200 240 

130, 970 18, 791 
31, 282 4,708 

500 100 
1, 240 52 

350, 417 18, 106 
608, 797 38, 203 
43, 740 866 

136, 630 36, 519 
22, 959 458 
24, 400 648 

450 335 
624 146 

75, 483 4,325 
3,175, 772 246, 589 

70, 330 21, 686 
44,145 6, 622 

3, 572 10, 746 
50, 664 | 5, 139 
40, 693 2,394 
1,950 97 

56, 634 2, 044 
1, 726, 803 34, 536 

275 14 
367, 841 82, 588 

24, 245 1, 590 
16, 800 | 6, 132 

3, 313, 174 10, 416 
104, 302 4, 398 
736, 088 340, 948 
143, 500 20, 650 
791, 000 6, 070 
58, 800 8, 640 

798,868 | 145, 092 
277, 900 17,105 
255, 500 18, 529 

9, 215 244 
225 225 

41, 767,935 | 1,803, 664 

Total. 

Pounds. Value. 
125, 642 $3, 985 
408, 193 11, 914 

2, 243, 425 390, 947 
1, 503, 253 91, 046 
2, 862, 491 159, 286 

329, 555 53, 184 
101, 067 5, 976 
687, 277 37, 353 

3, 815, 554 126, 700 
67, 659 1,365 

500 10 
274, 754 26, 450 

4, 680 1, 497 
1, 985, 340 140, 586 

6, 300 338 
821, 018 25, 563 
172, 732 , 464 
28, 145 1, 582 
24,119 3,334 

584,886 100, 556 
30, 405, 093 121, 451 

18, 460 1, 136 
1, 200 240 

130, 970 18, 791 
31, 282 4, 708 

500 100 
4, 540 127 

4,115, 552 200, 046 
1, 378, 330 86, 823 

63, 640 1,34 
168, 637 44, 460 
60, 459 1, 232 
43, 100 1, 186 

450 335 
3, 982 979 

189, 548 11, 502 
11, 651, 735 902, 439 

70, 348 21,691 
45, 825 7, 120 

74 194 
3, 572 10, 746 

50, 664 5, 139 
44, 043 2, 650 
1,950 97 

87, 734 3, 493 
3, 280, 833 64, 371 

789 34 
397, 841 88, 588 
20, 000 400 

119, 244 7, 290 
16, 800 6, 132 

3,313, 174 10, 416 
433, 902 20, 008 
782, 088 364, 548 
143, 500 20, 650 
791, 000 6,070 
69, 300 10, 190 

10, 977, 855 | 1 2, 060, 306 
11, 638, 900 666, 905 

311, 500 22, 529 
540 90 

13, 715 334 
225 225 

7, 800 159 

96, 936,784 | 5,983, 406 

_ 1 In addition 1,543,059 pounds (220,435 bushels), valued at $232,850, were taken by New Jersey vessels 
in Delaware waters and are shown under that State. 

FISHERIES BY APPARATUS. 

The most important forms of fishing apnaaus used in the fisheries 
of New Jersey include purse seines and aul seines, the former with 
a catch of 14,022,400 pounds, valued at $282,750, consisting chiefly 
of menhaden, scup or porgy, and squeteague, and the latter with a 

55904—23——-7 
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catch of 903,660 pounds of various species, valued at $77,239; gill 
nets, with 3,770,625 pounds, valued at $355,972; pound nets and 
weirs, with 46, 663,590 pounds, valued at $1,448,822; hand lines and 
trawl lines, with 4,523,537 pounds, valued at $401,510; dredges, with 
22,348,286 pounds, valued at $2,676,244, consisting chiefly of oysters; 
and tongs, rakes, hoes, etc., with 2,468,881 pounds, valued at $481,038, 
consisting chiefly of oysters and clams. Other forms of apparatus 
that took considerable quantities of products were fyke nets, bag nets, 
stop nets, dip nets, cast nets, otter trawls, eel pots, lobster pots, and 
spears. 
$88,588, was all taken in lobster pots. 
form of fishing apparatus in the vessel and shore fisheries combined 
are shown in the appended tables: 

The lobster catch, amounting to 379,841 pounds. valued at 
The products taken with each 

Yield of the fisheries of New Jersey in 1921, by counties, apparatus, and species. 

BY PURSE SEINES AND HAUL SEINES. 
\ 

Apparatus and species. Atlantic. Burlington. Camden. Cape May. 

| 

Purse seines: Pounds. | Value. | Pounds.| Value. | Pounds.; Value. | Pounds. | Value 
Allbacoreéxs:s-- <5 -h4 650 $20) fo ees Ft |. a GN ctor tides Close staretene al siiacbtors ~ ete s| ahactttenta 
Bluefish 2.54.3... <s| 3, 700 S60: Nigel sah | jo aee ema a Asean 13,000 | $2,190 
Butterfishes orgies. Spl. Bese! We Cane. Napek geet 7 cees ete eo dol ccna 9,000 532 
@roaker: 8435-89-55: 4 89, 000 S00 Hoes OSA Sees ns ccis cen see aces 170, 000 8,300 
Floundersss- 22\/..--. 2 | 2,100 135; (Seu e Shh eee os Sse Bet 5,400 368 
Menhaden............ 34805000) | 0 EEO00! fe eek. Spas oes ooo onc Conieenee 2,280, 000 9,500 
Scup or porgy.-.....-- Wil 116 OOO hy 49850: to Bae. tS ]s. toes tamale cele slesias temo 1,230,000 | 69,000 
Dea bass asso s 5s hy 25, 600 PR, 0 eS eRe eS I rene eae [Pace me [ea 57, 000 3,330 
Squeteagues.........-. EAA 75: OOOMHR 29" 700 N= Bis se SAGs sete as | eee nee 1,054,285 | 68,800 
PautOpas ses. Det oc. he 200 AD) Peery Sey) 1) eles ae Pa ee 200 12 

Totals fas 9.2 coe ba POLS OOOO EIS2 f.As-.fc|.4.3e- ee esd. Pale eee 4,818,885 | 162,032 

Haul seines: | 
Alewives. .2.........-. 17,000 360 | 5,000 STOO} tet eis 6,400 132 
Bluefish 426 28... 5) 250 OO cctere setets|| cistsaco eet liaaoieias etait | aaersiace atest 225 55 
[ON ORR E oes ie eae © | oh S| 3 = Se 3,009 431 2,430 401" |. css, eae 
Catfish gag. toed ae 600 52 7,170 531 4,825 290) |) 2. stacacaelteeeee z 
Croaker! seo 303 oboe | 37, 500 iH, 520 |l-B38.S66 5] |. 4. QO Ss eel oa ce mee Seleeenaees 20, 100 1,034 

ele mae Bae ee Be 2) 800 980 sak aie)| Open ae pI ae Niet 2, 000 200 
Mlounderste son. 22) 2h} 4,100 S300 |G ee ee FS EMS eee ee Te 4,300 344 
King whiting......... 550 (ey UB a ee a BR | a ee eee ees 3,000 30 
Millet: fresh.) 2 {eal es Wat Se ee AL eae coe |S EN aS ee ee ce 12,000 820 
Mullet. salted. ........ Peg eek Ae RON AVAL fae A ate a URAC re eee 1,200 240 
Perch, whiteis.... 22 2,000 195 3, 250 DDO ES ace Nona eee 300 30 
Berch, -vyellowiso. nose kee ae 60 PAY ae Sea lac as cdenial bose tste cee oe aneee 
Bike) See wee hy, SE See See | En a 500 10,33] ae epee UE een a (PO Se ea ee eo 
had S.-5- 285 ose a 500 125 625 150 600 | 146 150 38 
NS] S10] Rae ee 2 ee Se 4,150 PAY Yih en ale ere (ap Bae SES Lee a ae ccoe 6,600 380 
Squeteagues........-. | 24, 200 220, Pees raria eis liane melded ease pston sie l elesereesieress 40,300 3,580 
Striped bass........-- 3, 000 750) | $38,000) 1342008 tyne ae 100 25 
Suckers: ee2 59 4s! 400 20 | 27,609 2,525 100 DDy tek week | ates 

Totals Mey ewer ty 97,050} 6,233 | 85,223 17,599] 7,956 | 849 | 96,675 | 6, 908 

Apparatus and species. Cumberland. Hunterdon. Mercer. Middlesex. 

Haul seines: Pounds.| Value. | Pounds.| Value. |Pouwnds.| Value. |Pounds.| Value. 
AJOWEVES! eee u soi secciase 10, 000 F500 heros secs poston 3, 950 $form etissoncss}seskeeeee 
ERAT CAST teh tices ch Sy SP lag 2 a RS a ao a ak Re 6,800 $1, 60° 
Cy a IO Na pe eats 5, 500 780 | 1,205 S143 0S LOANS eal Doe lye me | eee 
Catfishe esos (us man aie 5, 600 DOGU etme lia [nenmea os 316 DS) If ouiz2 alleen 
Croakentee:eaciseseecaise 9,000 72 (1h ES oe eee es SSRE AR Cee Aero sceea Bosercsrcl pucsemsac 
Hiounders!se5 cs oso ae ee 170 BN ee OOS SE Ne ho os Pecencespsonsaksdbaaasest: 
Menhadems 28.62 bas Ge ee ee see eels ce | Snicam siacle aan ecto eee eee aeeeseree 30, 000 50 
Berehs white. jcc: a 500 BON eerie d oles wa teas sees a Rage ee Store eee | eres 
Shadstaceen me eres see 2,640 744. | 1,459 461 | 12,546 | 4,473 435 190 
SmmelesECGe SEs: PRR Ee CEA Ree SI. SONS ER ee eee eae ee Ee EEL Oe 450 335 
Sots os ueeeti toes. 2s 400 PAV ae eee ERE Mie are Wena ee ame a inal SHEE 
Squeteagues.............. 6,000 LUO a A ele a 9 ae a a A To a 10, 600 765 
Striped bassduu. .cc.2 32 2,000 BTU) Cee gee aa eee ae 2 eG a eee elise oee croc it. Doqepee 
SUCKGNS, ances mace aceaeur 700 78 3, 330 399 | 13,075 ASO eee eae | tala ale eiate re 

Totalaccseee eee eee 42,510 | 3,146] 5,994] 1,003] 38,081| 7,281} 48,285 2,940 
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Yield of the fisheries of New Jersey in 1921, by counties, apparatus, and species—Con- 
‘ 

BY PURSE SEINES AND HAUL SEINES—Continued. 

Apparatus and species. Monmouth. Ocean. Salem. Total. 

Purse seines: Pounds. | Value. Prana! Value. | Pounds.| Value. | Pounds. | Value. 
PATIIACOT Cis lees ESR. Sj. SMART ote | oe te I Ue eee reac ah cerns 65) $20 
Ve ETRE Se) Bl I 2 8 | i | ee TD Re | 2 Se Pea 4 ee 16,700 2,650 
BUtterisee.. 6 Ss5555hest cassecaeeh scccalin eas ccleetetecaelecadicc ce aon eee os. de 9,0 532 
Broaker sien... sagcs|s2ss sorsaeaiees tesed sete eies galt ee eRe ieee ines alate 259,000 | 10,150 
AROLITICLGIS§ steels 2. Meroe = = ccc STS ws cis Se Gall cols ieee ots ea Re cole a Mie heme la ays 7,500 503 
Menhaden............ 4; 0055265 4|' $20; 026" |. . dB a cee. 2 LSE <3 9,765,265 | 45,526 
SCUD OF PORE. «.<. fasae|2 2s ca cssedaleeecl cael cc oak ss Peewee s[aneeettias| eases tetas 2,345,000 | 118, 855 
IGS ASS Ad ais os Settee see ese asses teh Ak Se Vallis | aatesina lt ptscrijen shee teesahaEet his 82,600 5, 430 
Squeteagues.......... 7,000 BUN Beeps Seccl sees bho |lScceocc hal aacsacer 5 1,536,285 | 99,060 
PERIL OS ee gens. «paeels ses ect wase|peetie ose ciet pehicaeleaeee tidaaiec = eh Sita caer ents 400 24 

| 

Motalae sneer £1012) 265 ule DDG 86) enteasslenee era soaimese. Sos 14,022, 400 | 282, 750 

Haul seines: 
RIG WAVES cae coc ob ON cod Seecliae eceaes 290;000:|- -$8; 700!).-....-.-. 3h t--- ae 332, 350 9,667 
Bldefishersss. 25.25 1,500 AD in be mene SL Se tee ee Prica:ac.cseit tea crem saite 8,775 1,975 
Buttenfislk -. o.oo 100 OF (loa aerels = ce ecard eames S| kere 100 6 
Oo Var onsarecuneieped MEsSasezaes| Hecekecanl laser easel Remap nee 37,130 | $6,255 57, 468 9, 235 
OTR Ry oc a gL | 1,430 112 | 38, 2,060 58, 541 3, 369 
CIRCUS UE eS See |e PER See ete IPs Se lee yee | a et Pe ls P| [ee 66,600 2, 824 
1D] Ba Ea ea ip 25 Fe) aE a HO pel FI ES ll, tgs 4, 825 485 
Kionnders=i50 02125550. 500 40 1,050 Ci he URN = See Fa Aa : 10, 120 845 
an whIbIN Eee soee. (22s bacen se S| sacs se =. [ass aieais wisilictanioacininte| awe ne oeeis [Sees m es 3,550 91 
Menhaden...........- 15, 000 TF 1 Vea ve La 9 Lp ie 45, 000 200 
Mullet, fresh.......... 4, 000 200 | 2,000 CSU eS a [aa 8 18,000 | 1,100 
ETERS GEC so one eed coe Se iae. cere | acaicis Sea | Oe apse es iszteee aia] Nos crmcetee Eta eieee 1, 200 240 
POPE WhibAS s5e eh elses Soest eserre 57, 780 8, 666 250 38 64, 080 9,529 
PERO VEU OW ss oes oe 2 | siaceatee sete [Damecs ace 3,710 557 7,882 1,221 11,652 1,790 
LEASE a est Be pel a Eee tg a Mi ae | A cl LM Me ts | a OT 500 100 
SUEDE let le el ey el a et pA hl Ol bs a ae ee bt 18,955 | 6,327 
PRTC ere ae tee Se nD als oe oe este cle enor esc lek aanacea) odes badaolee coe caeel secre eee 450 335 
Riess snes es O 6 6,000 ARO PAC ec ceullicsgaconaal csmsscte ps feccetetes 17,150 | 1,088 
Squeteagues........... 1, 800 144 6, 000 MQM Saciono ces lecosciens 88, 900 7,429 
Meriped passers P see ee epee 3e430)1| sets C00) Resse Seah e (pees 46,530 | 15,275 
“SECA Fen ey ae a , 964 4, 829 

wInewdus sce ss cst ee A 200° 10 
Crabs, hard 150 90 
Grabsssottosiseiete.! 1,600 400 

Rotaltysste2 Serta tte 29,075 | 1,383 | 367,200 | 20,008] 85,612} 9,889 | 903,660| 77,239 

BY GILL NETS. 

Species Atlantic. Bergen. Burlington. Camden. Cape May. 

Pounds.| Value. |Pounds.| Value. |Pounds. | Value.|Pownds.| Value. | Pounds. | Value. 
BNOMUMES Sach. cecadct sa hatsee reels tes foals cas sad e| Pate tae nese cealkees ee 2,000 S80 abe easy ES exe 
DIGGHAN. .- sseecdeces ZOY S90!) || $5; BLS Re 5 occu lessees s|ctas ce Se] oe ces s|sesee seelonacade 73, 360: |$15, 264 
See eee eee OT] et ice Ser BESeecrG eee etor ReCbaad Gee seal Coccece Cerrsrics beetrte 9, 000 540 
Okogiene cs: 7ss5saer 1477350) 1) 5p QO dee: lle een 35 000! ei S180: |S eden | 5 kaa 190,000 | 5,700 
Mackerel. ciecsdtssc ZSBEGLT. 41 GaN oe 0. Natetetetcl be amalcadla see ets oka eeslaccsa ae 161, 850 | 30,853 
Mn NAGGH ce asi ste ve bos eee A cscs doatieasameloanine oalbacadorcleeecscc|sacheeeutes sees 9,000 900 
SCUP OF POLEV «sue ssacahrs oe aes| oes sce spe SES. ollsatoe au lecmacio mele ee amealacs eaten land see «| 1,000 54 

ads Rie VAL A 450 110 | 25,920 |$6,294 | 6,125 | 1,579 | 4,241 | 1,156 660 165 
SPO ben ocrjrrcawesssccas 2,000 LODE eS oe ote tar tat eee cS OSES E aes ates Ba alee Sieg eee 
Squeteagues........... Bue FOO ||) 3, G00 | cons. selene 10, 000 800! (2.222426 esess 388, 400 | 29,628 
SULLOON soma sacs cass lesa ee ee | becouse elses seweleouos tee ese salssetetelasacsteeleesnars 2 30 

fb) 6 ee eee 506,657 | 56,060 | 25,920 | 6,294 | 19,125 | 2,559 | 6,241 | 1,236 | 833,470 | 83,134 

Species Cumberland. Gloucester. Mercer. Middlesex. 

Pounds. | Value. |Pownds.| Value .|Pounds.| Value. |Pounds.| Value. 
Blueligh. 3.022535. s ee vanccae BECO ela MA) foc tesiee septs cao apatcesc|aeae ae ae 475 $95 
Crdakers stares ee ee SPRL T Ue | Ole AGNES ysl ST OE IRs ae) (A eae payee ae 
Shai: eee Ra ae 24,055 | 7,029] 6,609 | $1,613 | 1,580 | $541 |........ Vacene scm 
Bqucteaguer: 5.525 ssaccesos cence ZIG3000) MUL ODOL 05 Ss. | Leemeeaele csseschlec~soecs 5, 000 350 
CG 4s eee pees ee pees eats RS SURO UENO TE IIE od aise <|| doaaretes [oiae ois re a acs cial dtu «| Caietsees 
Sinrpeeon L0e;.s5 6. sesosbes meee UST ee RG) ae ee a cy Pee ee Nan ery (RARER SG Vie Pale 

Hotal® <u. sho sae 1,263,177 | 69,788 | 6,609 1,613 | 1,580} 541 | 5,475 445 
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Yield of the fisheries of New Jersey in 1921, by counties, apparatus, and species—Con. 

BY GYLL NETS—Continued. 

Species. Monmouth. Ocean. Salem. Total. 

Value. 
Alewives $860 
Bluefish 90, 228 
IBOnito te waste cesees 1,350 621 
Butterfish 1,020 
Croaker 49, 874 
Mackerel 94, 448 
Menhaden 950 
Perch, white 4,692 
Perch, yellow 495 
Scup or porgy 54 
SHAG Ee) mci anos ats 29, 069 
BPObisess diet seee sonic ' f 276 
Squeteagues......... 133, 872 10,677 | 130,100 9,748 9,000 540 935, 122 66, 543 
BUT POG PASSzex sinc aala| Sewn cies =bicl «sletnintentorte 1,583 gO eee Sees eecl Scsce sScbe 1,583 441 
Sturgeon ..2: cds... 167 WGA: 2. ee -aeesiccess 11, 425 1,718 42,148 6,321 
Sturgeon, roe........ 83 QOS | orioaccte cat eescee soee 1,685 5, 055 3,334 10, 049 
BUGKers fuse oo cba sacl eccecs cutis oe econ cians 392 291 eae ae SC 392 31 

Totals ee ee 696, 744 91,115 | 261,357 23, 491 144,270) 19,696 | 3,770,625 355, 972 

BY POUND NETS AND WEIRS. 

Species. Atlantic. Cape May. Cumberland. 

Pounds. | Value. Pounds. 
PSCOLC eee as oe ter ene Meade | eee een ete nee 2, 400 
Alewives 24, 000 
Bluefish...2.-..- ane 30, 035 
BOnITON Gave nee 42,210 
Butterfish 493, 505 
ero a coe Mer vince gar ees saleiscas ee ceets : 200 
CE eee em cistepercta sacle eball once cae ree 500 
rodent sel uae s rs eae 442, 665 
Prim BACKS os coe Gale ce caal semacesiceees 600 
NMI Ted seh we sec acce eaelnes ose ons 500 
PBI Se crac tuaisc ccamia cui fal inaelepse cites 900 
UROUTIGELS ces ice ce emcee 87, 345 
1S CAE Se A RE REPS ISS LA) 2 eee ere 16, 507 
PLOIrIN eee cide nieces oes ces moe e a neeeiets 62, 200 
AGIA RAITT ho oo hea os eae 5,690 
Mackerelieewaic ook oe ie 2,700 
Wonhaden- tessa ons eeetoe 318, 035 
Perch awhite® ).0..) see 1, 200 
Pollock. cts weabe eee 3, 000 
Stuporporrys toe scsueeescee 844, 916 
Seayhass is. asks caciech saiceen 96, 404 
NOM LODIN weceic afte steele is ce 400 
SHAG Seen pede ec en 2,168 
BDATES Ha iee es cle 1,600 
Skates and rays... 7,100 
Spanish mackerel 550 
Spot seis Der ean 8 42, 265 

Squeteagues..... Ph eoaen coe eeee 4,169 334 | 1, 230,396 
Striped Dass... 2.0 sos. les ckeeek 684 171 718 
SULT POO ee Se Lwin Nakina eek ell alae cafe archaeal |e seas el cate 740 
SiUTPCONTOGH ee soo cen ek ook cee | Veet SIS eee eels aacis 80 
TR EUT OR site! sc ulak sotac eines ato lara miemtae Benes | aia ee beers 1, 450 
WATT of Re aA Oe ae RE 6, 400 128 45, 000 
Other fishes ised [peri eee Ale scopy eh aah eek pte ae 264 
Crabs king ss oo ee couse cclateel| pectecign temp esse St 2, 762, 17 
Soper Petar oe See eal Oe eae rere eememnioee Cnet 22, 000 

"i8Ya) 29 (a a | 58, 963 2,674 | 6,592,417 220, 928 523, 000 1,569 
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Yield of the fisheries of New Jersey in 1921, by counties, apparatus, and species—Con. 

BY POUND NETS AND WEIRS—Continued. 

Species. Monmouth. Ocean Total. 

| 

Pounds. | Value. Pounds. Value. Pounds. Valur. 
Albacore 5. eed. bse. 65, 392 | $2, 158 55, 600 $1,699 123, 392 $3, 933 
Miowivesti00 Sf). Lctdec see 20, 658 | SUPA A IE whe 4 Be oD» hl nee ae 47,643 rg: 
GEN CE At ae COPE 156, 391 27,918 296, 697 53,610 483, 329 &6 38 
PRONTO nt sais cscs oh eeE Reco 50, 028 3, 001 778,577 46, 958 870, 815 53, 95 
Bintherfishecs vss. peeeee ce: 733, 726 37,167 | 1,602,412 88,888 | 2,832,991 157,728 
ROBO sao eee) SR ee oe ERS eee ee 200 14 
Cs RR Ss a 33, 732 1, 686 45,745 2,376 79,977 4,106 
roaker.+.tys0. 2-1. Geceess 151, 904 4,657 | 1,179,435 38,015 | 1,803,504 56, 740 
WOetimm® DIAG S22! cebees 2k: 27, 934 558 39, 125 792 67, 659 1, 365 
IDFUIAS OC ng peers Le cee eee ch acs nee eet eee cues ook Seele cues eonsae speccneces 500 10 
ULE Se oe bo a ae Oe ae 450 46 100 9 1,450 145 
Wlounders-20S: 22. 22 ...kese ces 171,699 12,310 453, 823 31,929 718, 150 51, 361 
TLCS a ee ee 610, 342 19, 000 166, 469 4,978 793, 318 24, 394 

eerrine = See MCL Leck | 36, 825 1,167 73, 707 2, 053 172, 732 4,454 
Blickory, SHAG sco. tee kece kee | 6,574 293 21,571 1, 289 28, 145 1,582 
Wing whiting.!.. 2.1. ....2.... 5,340 819 7,567 1, 204 20, 219 3, 190 
Mackerel) et 2 sce lessee 12,616 2,554 11,600 2,900 26, 916 6, 108 
Menhaden... bh ciscene | 20, 194,712 71, 466 64, 331 754 | 20,577,078 74, 700 
LUD - oe mee ease Oe BARE 60 4 400 32 460 36 
OLGHe Willer seo ot eae ke Be Oe oS as ae a) ee 1,585 62 
LETT tees EA ey ee ee 1, 240 52 300 15 4,540 127 
BCuplor porry. 2... 6 ssee se. 182, 225 10, 934 531,619 28,819 | 1,558,760 71, 739 
Benjpnssss ait! Oh Pe eS ae 13, 447 807 20, 244 1,386 130, 095 10, 829 
SEONG 9.2) 9) TT a ae 43,740 866 19, 500 466 63, 640 1,340 
Shadhee oe loan: 3, 361 842 30, 839 7,649 36, 423 9,044 
POLO os Hn a i et Se 22,559 450 35, 900 752 60, 059 1, 224 
Skates and rays. .....¢-ccc.0s- 12,600 286 11,600 356 31, 300 824 
Spanish mackerel............- 624 146 2, 808 703 3,982 979 
TYE) Ro eee Gee oem taal oe 42,112 2, 439 77, 800 4,668 166, 503 10, 046 
BHNBtEARIONe saccs oon ae 6.2 1, 831, 953 148,001 | 5,777,282 462,177 | 8, 843, 800 709, 667 
SIRO DASSas cmays «oh cepts s cc 140 7 DAA Fae bee SST Seep eth x beh 8 1,542 393 
Mure se esas nt teen 1,797 271 1, 140 342 3,677 7 
PEP OUCH eet ee Cee oie er etges [aa wey 4 pone 7 194 | 74 194 
DUIPCOM TOR) cos scl s eset ees 158 ER ehatad cee gokart Sele | 238 | 697 
ENE Tai Ap a rset 25, 465 1,595 1,500 96) 28,415 1, 827 
MWe Re SEES oo oe MP i pee 34, 004 1,366 30, 900 1,445 64, 904 2, 811 
‘SAD ge RG Se ha al 1, 720, 403 34,408 | 1,509,030 29,190 | 3,280, 833 64,371 
sbtienvishvepertess ease cs: 275 14 589 20 
ACPA SACs te oe se ke 2, 562 THEY eet Sok Leola le ee han, S| 2,562 154 
SOMERS AE Ee ee eere co Ser re ccr ee al sonst cee ard one, iak pcebtal hme mene cies | 3,285,174 9, 856 
SJE bie lea ea pe 104, 302 4,398 307, 600 14,510 433, 902 20, 008 
PREITEICS 3-22 Anse. os ikaw eens ses 8,015 160 4,500 9 12,515 250 

Motaleatee: ssi cits. « 26, 329, 365 393, 304 | 13,159, 845 830, 347 | 46,663,590 | 1,448, 822 

BY FYKE NETS AND BAG NETS. 

oi arkcbe and spe- Atlantic. Burlington. Camden. Cape May. 

ge nets Pounds. | Value. Ronni. barre Pounds. | Value. | Pounds.| Value. 
ip eeeee eet tee Selec onset} BOd ae SAG. | eC et ce ye acl roe eka eet eee 

Catfish........... 6, 000 $600 1, 406 85 850 $51 2, 200 $176 
HGISt eens soncmece 1, 250 125 1,651 185 785 93 5, 000 400 
Flounders........ 3, 000 300 f BLU! orbs Sod IGcepabedbd Weccr Go ate Weaoseasee 
Perch, white..... 10, 000 1, 080 5, 000 GOO |E Seeec we | rise clooenice etme ccene tee be orectaere 
PATCH VEULO Wie tae te apas onl ne aoe erp neces sae] comesns ma tecececcmnelqepie scene 500 50 
Striped bass... ... 3, 400 850 300 90 2, 000 500) 2. <scpapinn eae ciate 
Suckers /272)..2.- 1,900 95 80 11 Se eee Se cepa or eee ene eae ee 

PD Ob snatch ot 25, 550 3,050 12, 739 1,378 3,635 644 7, 700 626 

Bag nets: 
MIGUNGOrS ee once t bec one 22 7, 800 (7 a Map| SAS £2 ed be a eed Le tie 
Perch, white..... 1,000 150 | 10,370 TED. [seers [ect A sees Goce (Mees Tae 
Striped bass...... 500 150 | 10,950 Bj 320) aera als ayes se| cose meals ergadae 

Potaler ec od 1, 500 300 29, 120 D409 ese et ae ape a ctoers| sain a clots] |stersisa eis aeie 
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Yield of the fisheries of New Jersey in 1921, by counties, apparatus, and species—Con. 

BY FYKE NETS AND BAG NETS—Continued. ‘ 

Apparesuap end SP& | Cumberland. Gloucester. Hudson. Monmouth. 

Fyke nets: Pounds. | Value. | Pounds. | Value. | Pounds. | Value. | Pounds.| Value. 
Mile wav eSUare tao cl teers smele onclekaccialcme en Seal sae tee a eee te bos perme ee 1. 500 $60 
6) RK) aT] pe See at Me 0 0 AE TRE PP a J a 9g a | i 75 15 
Carpe iii nee 4,000 $600 4, 950 SSOT HN ees olay es ue] ev are ee aa a 
Catfish= 7 sie2 Bie. 8 5, 600 320 8, 593 ic Se ETE SRO aRes (Lehane 4.5 
Wels: 2c eee ee 350 35 2, 452 291 4,000 $400 6, 000 720 
Mlounderssze a yap Be ee alc oA Be ee Pe Rg oy, pl eV De 3, 900 312 
Menhadenss. fee hich Sr Gk oe eae, a ae As ee Bee aa eee ee a 3, 750 75 
Perch, white..... 500 OO Geo cecicts sett eiele oreo ea et ese ste cl etene serene 2, 353 353 
Perel VeHO Wiel eo] ~ sicceeen| cease cee 125 ND osc e a Mee es please Loe to emcee Eas axe 

SVE LYSE SESS ca Oe em SE ier Det aS Et eee eT les Dees Ee RD ee eed ase 75 20 
131 810) Deegan ss 72 Sex Ke IMR Pcs Se DER Pp co ck MRE ra 9 Seen ORL es a de 900 72 
Bgueteaciesssiy 8 ere se Ah Lares ei teeed al ag see UTS ellben ee ene) eater te 3 2, 100 168 
Striped! bags ese | ieee or Al iio ative eee Emel vey At Aino ce Mee ec 2, 850 512 
SP AUIEO SLE Sein. (LUE meee ZC Ne sti ile ea a sete pa ARNO ece Ele eornte # haa 75 6 
PROMCOG crete Mee cl: 1 Reyes ee |. 2 are ee pe Oe eS a ea ae eee reas So 1,750 87 
Crabs; hares see eS pode ap D2 cee pepe 5 Oma ea oe Pe Obie: QE alll Cane eR 600 36 
Hing crabs sae Aen yee ease We alee UR OP ra Sats le pra eat peo | Tio a 28, 000 560 

otal sess ee 10, 450 1,005 | 16,120 1, 665 4, 000 400 | 53, 928 2, 996 

Apparatus and species. Ocean Salem Total 

Fyke nets: Pounds. | Value. | Pounds.| Value. | Pounds. | Value. 
IATOWIVGS Scop sence ecee setae oe ce ee 2, 500 CY (30 eer baa as 4, 000 $135 
TE VAST NETS beh Eee NE ida a cee eae Spee Pere oe 8 ee am erlt4 sf eet Ai [eet Se 75 15 
(TR OTE deeds lee et etl Rg ais asa ills tart Her at| aie eh arf gty e ah Te aN 9, 252 1, 537 
RGAE Se rs ek kes a ites ey he es Soke EI ME a 13, 954 $698 38, 603 2, 394 
TOC ana es re oe Napa RA LEI Peed el AE Ly 5, 975 718 27, 463 2, 967 
HiGunGers- 7 ee rhe eM eats Voce es 44, 340 Bs 7 fol (Ae renee) (ayes isaaed 55, 240 4, 559 
Menhadenc./'!: Se eae haps soa Oe feed lye le ae ae See end | Nee Ne eee eee 3, 750 75 
Perchs whiteen.-2 series ache) sae eee 4, 800 ope Dib pe Et eee en 22, 653 2, 803 
PerchssVelow,. sr esen cee e ce clos eeeeore 13, 200 1,979 375 56 14, 200 2, 104 
de CeCe bal. ue Bak na a ce eae a/R a en 75 20 
(HO 8) pepe ha eee (eR Ua | a ho |e GOL ae Met BR Set 900 72 
Scuetesenes 3s nA hs 2 a Sk as ees Se eR ee RE ek ral 2,100 168 
SCLIPed Dass ses Le ee eee ee ae ee) 293 SOM es, HR ee Fe 8, 843 2,032 
TICKET Stee ae Ae ALE lime 100 Sa ehee ar we Sole eae 2, 080 115 
AP ATI COL em ee oe eee RANE fe 2S SP 2 ere 2 eR NC 75 6 
FROIN COMe eee ea ee ee aes eG cate Sere otal S disima been a ie ae ete [ete acini Bee ree mane 1, 750 87 
(Uae OFSTSUT AY wo Fg te ee NY HE ae COP beh yan |b ee ni | es Se Se 600 36 
HENTTE CLAUS ee oie eee ee ce eee ee ee cme Meee cee a eee meee] | Senne & 28, 000 560 

AnYayie RSA ORY STEN AL BSNS 65, 233 6,449 | 20, 304 1,472 | 219,659 19, 685 

Bag nets: 
BV GUNIGERS 22 soln eco do esto cee 2 Se eal One se onol | Secieoet see leoide cae ee Renn ase 7, 800 624 
Perch, white 11,370 1,705 
Striped bass. +. G22 ee 11, 450 3,470 

otal yee ee sak See ce elie ane eal re eee cane me cae acne were teen 30, 620 5, 799 

BY STOP NETS, DIP NETS, CAST NETS, OTTER TRAWLS, EEL POTS, LOBSTER POTS, 
AND SPEARS. 

Apparatus and 
species. 

Stop nets: Carp....... 
Dip nets: Crabs, soft. - 

Otter trawls: 
Flounders......... 
SCHHOpS: = sossceiae = 

Dota yee 

Eel pots: Eels, fresh. . 
Spears: Eels. (2.25.0... 

Atlantic. Bergen. Burlington. Camden. Cape May. 

Pounds.| Value. |Pounds.| Value.|Pounds.| Value.|Pownds.| Value.| Pounds. | Value. 
sissies oae| ae cies cate eae seen sete ste 23,050 $3,549 | 17, 160 /$3, 089 |........./....... 

440 SU GSI Re cpis co olome teats leaeineteteraite core iced mtceteretstets!| ocsietote ate [ecerebraniise= == 

ALS A028 G78 4b cnet e al ascness| cme seine Jrctteee|eesee ees -.-----| 583, 800 |$40, 171 

AV55940'| 29 068) Beery kbele haere ete anes ta BN | tal a 583, 800 | 40,171 

Wier ncleleleiveitictece 2,500) |) $375 ese toes oe eee etal eee Sell MLOD ZOOM Tal O20 
100001) "1; OOO) | eee eal Ecc wwacterenjenhe ie terelewenere | ereteetetiiel | clctsrey ete | ateeeeerertetel eeaiarctotats 
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Yield of the fisheries of New Jersey in 1921, by counties, apparatus, and species—Con. 

BY STOP NETS, DIP NETS, CAST NETS, OTTER TRAWLS, EEL POTS, LOBSTER POTS, 
AND SPEARS—Continued. 

Apparatus and F species. Cumberland. Gloucester. Hudson. Middlesex. 

Stop nets: Pounds. | Value. Pounds. | Value. | Pounds. | Value. | Pownds. | Value. 
Calp seeusegcc tee DSNIOGs) FSB. 420 |) 8905 ee ROG: ECE | esas Is. ee, ee ee 
Wathsh sie 2.0 ee 450 AO) | See SUM CPE SB SDS ee oe Noon ceceecteee sec ees [aetoekeos 
Striped bass...... 400 SO fb SES ENE OSs. seks ceclncetwawnen|eisceesrcse|- Seeaeeee 

PROGR ae oa ine oe 26, 950 3, 540 39, 925 B82 S06) Sabo jac|_ Shee mses|saccee meas | toot ace 

Dip nets: Crabs, hard. 2. 800 | BIOs caw ewe | Sate och as Pace ee See lseensecas| ca ceciet sealers aaa 
Measinetsm@arp.< ct lense lvsslscceseiees 3, 250 B35) | oso skboed See SoS bee cac soda) cos khcose 
Otter trawls: Floun- 

he ae 18, 400 TM eR, ue ee a gS) 0 VR OS eels oS Pt 
Eel pots: Eels, fresh...} 40, 000 2, O00) |: Seen cectes | Sen ceeecw ss 6, 000 $600 9, 500 $950 
Lobster pots: Lobster.|.....-....|-.-...----|. ebhenosse| basbussce’ 5, 000 1, 000 500 150 

Apparatus and 
species. Monmouth. Ocean. Salem. Total. 

Stop nets Pounds Value Pounds. | Value. | Pounds. Value | Pounds. | Value. 
ATR ee Soe sete eee Se ER oo eens cee es ed 141,000 | $22,740 | 247,235 | $39,604 
CER TTS Coe SE OO eo | FE SSL et nn sl [Oa et ee, Ee oe 2, 153 107 2,603 147 
DEGRA OW ae IG oe nnn os coals creel asec asia santa miemene 1, 935 290 1, 935 290 
DIRE LRIERT HSS eee ee ee ae er eee toa. Set oo Ree eee at Le i oetiones 400 80 
Sackerssow ee’. 5.| eu od ROARS RA Ee oA a 975 125 975 125 

SLC 229 PER Aa A | = ee |eeneeeeece[eceereecee[eceeeeeeee 146, 063 | 23,262 | 253, 148 40, 246 

Dip nets: 
Crabs, hard....... 8, 333 $500 1, 000 $605). S008. sAl Shee 12, 133 770 
Crabs, soft. 2...... 14, 560 5, 464 200 Tow hoderecttretets |Smeembee ee 15, 200 5, 732 

Totaleew. .... 22,893 5,964] 1, 200 rey Monee aes leech 27,333 | 6,502 

Cast nets: 
Gene le Le ee Fe en Ce ea |) eee |e Ie 2 a 12, 350 2,223} 15,600 2, 808 
CSIR... seeeamen bl SBT S23 S107 aR Gael AS NESE mere aS 1,320 66 1,320 66 
PERCH EEV ORO Wisse Sms cela | Peco ciaes [Bex cree bah ac eres 195 29 195 29 
SCE Es RE RN | a Rae | IR ri ee aan eed Bs haa aot 253 39 253 39 

AMO) EPI) S 2 N 3 Se fe BN SEIS 2 A [Zar ie | (Rees rsa (PE See oe 0 14,118 2,357 17, 368 2,942 

Otter trawls: | 
HIGHT EIS seas oes one semen PELE erase | Ucerniecialerecemmect |e cemmeenick| oaesic emer 1, 017, 600 70, 869 
hrimp...........| 20,000 00» | eee iereaaccak Race CLLRS He Eee re 20, 000 400 

BrAllopsset cee cee. (seeks actaleeeutte ~ GalOMe eee cc TE OCR = oe oece kien lsed Neca mr 540 90 

Dotale sts ees 20, 000 400) |"eee ec: West ep culcee acd Bere 1, 038, 140 | 71, 359 

Eel pots: 
Eels, fresh........ 112,010 | 11,668} 31,556 3,155 8, 000 960 | 219,766 | 20,728 
Eels, smoked... .. 4, 680 OT ctreet ho cel| saceele sia al Me ath aos e252 -cinatee 4, 680 1, 497 

Motalicsve tes. 116,690} 13,165 | 31,556 3, 155 8, 000 960 | 224,446 | 22, 225 

Lobster pots: ES | 
Sea bass: ) S33... 2,000 | 101 RR Bee ee a aM A 2, 000 120 
Lobster...) 2... 390,941 | 87, 088 1, 400 SHOE 2s Cue UN oo one aoa 397,841 | 88,588 
Crabs, hard....... 4, 000 FAQ sac ai seek et eels Jeet Nea al aon aaron e 4, 240 

Totalee sess 396,941 | 87, 448 | 1, 400 Sir Ul pe eNcOeEHe Bee eee ae 403, 841 | 88, 948 

Spears: Eels.......... iy bays yal mabe 1622: aga em pape Gud (a ae tee eae] pe 21, 250 2, 125 
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BY HAND LINES AND TRAWL LINES. 

Species. Atlantic. Cape May. Cumberland. Monmouth. 

Pounds.| Value. | Pounds. | Value. | Pouwnds.| Valur.| Pounds. | Value 
AID ACOTES ji. auc cio ta eae Jno 22-s22-|-neen= ce 400 $8 600 C730) Eee Eee 
Blwefish sen TL eS ae 256, 400 1$41,930 |’ 677,256 | 105,977 | 51,400 10, 230 258, 580 | $46, 264 
1B Yoyathi(oy sai RU ID Dee cae ak ere 2 17, 900 1,078 168, 537 10,373 | 59,600 | 2,930 | 141,551 &, 531 
(Cora hs OS ee ence Oe 318,000 | 14, 860 100, 400 7,920 z 
(rOaken ees ck obs ee oe | 48,400 3,414 71,600 2,950 
HLOUM ACTS 2 scence eee 8, 150 745 65, 150 4, 565 
ad doeks28 aw bees ie eee 2,000 100 3,300 198 
TAKE cook ort eae headissince 1,700 85 2,400 120 
Psa ooorini inn capes Stakes ee 300 Ay eee EO SOR 2 
Scup or porgy 7,200 432 180, 200 7,630 
peLSEWN OFF Sissy Sarl ing ae ena Ch aa Ca 27,900 2,458 |1, 087,485 65, 068 
SLAVE SSS) = AR ee Sy ee ee Sard Ul We Rae tate IO Roca 400 8 
SUIS TOGA ST aes 1 aaa |e 9 «aa DU ee 800 32 
Sducteaguest2). 240 bes a 37,328 | 4,899 | 65,800 | 5,122 
PE AUCOR Sass ciene  sa trace Care Ray PN 500 60 3, 000 24 i 
Ma 5S no Sey RS ee ee 6, 800 132 1,500 | 18 | 10,160 398 
Grabs Shard ees asian sed Mice eed eal Val Wels ae 4, 800 BOOD|ME sk Se Be Atte ae il is aroma ibe os ad Oe ae 
Muntlesnety eee so sok 2s Ree 1, 200 Sayeed ls abe erie age Ue se cabal ea hi tr ees 

Totals ees eee ere 726,978 | 70,190 |2, 438,328 | 210,427 | 202,450 | 17,888 | 651,306 | 68,135 

Species. Ocean. Salem. Total. 

Pounds. | Value. | Pounds. | Value Pounds. Value 
TANID S COTE Py None tat. toate para ee tray cr arate amet pee || un actvad operetta oikrrerotapeat 600. $18 1,600 | $32 
lie fish ss 6. Skee 2 ee Pe. a Be ee 27,400 $4, 250 4, 000 640 | 1,275, 036 209, 341 
Bonitoecic2-seiseets scstesees sowescctcce 29, 500 13,518 | 5, 000 250 622,088 | . 36,730 
(Ofer | 502 Sea Res ey At een Sek See tesa 45, 500 BY EE te ae en fa ak a 607, 300 33, 247 
Crpakerae gue ater: =e ee LOO E he EAA Abe ake ee 300 18 5, 000 250 137, 700 4212 
LOPE CL OTSHRRE ees hee sy ee ere oo 43,130 3, 090 5, 650 895 168, 930 11, 825 
MERE CLOG se oh pa teredes sete ee etratter verter phone state oeeect aera esrapat| Srevievaicvamieu ill enaranutier etl aeaeciencaa poate 6,300 338 
VB: oy Ae Se 2a jd 5 RS a eee 1,000 GOAN ee. A ee ods 27,700 1,169 
Ainge Whine leson es cide sedis owed Hh eeiohmaleoeeeiete 50 8 350 | 53 
SCUPIOL POLSyec ances see Be 15, 850 922 2,850 142 210, 792 9,398 
Gasp asSs (eee eh 26h eee oe Fis) leery ey 11, 000 619 | 2,630 131 | 1,163,635 70, 444 
WSU STE Ceo} RES aE Ley Spee et aM eee Pe or hl A I pt ed ee i a lease sen ae Cates eens 400 g 
SET RERR  Se BEE Fy appa 2 CY SRR a ie Sa a a tA a eee ee ee A ee socee 11,800 36 
STOLO) resoget Bet eel ate Sat Rea Cg Wi at SS Lebo. 0 LET Ae 395 20 395 20 
BOUCLEATIOS aoe ee Gas eee eee 95, 250 | 6, 820 | 5, 000 400 245, 528 19, 572 
AMS) B Uifo - SUN Se DMR A cS i SY a ee fee haere tae Hp tee os eal a 15, 153 793 
TUNG sesttrs ae Seeess bite santnewideecstiases 4,000 120 370 14 22, 830 682 
Cre DS eT eee eee rd ge [erecta eric oie tree 2 all oetare.e ster otell opted 4,800 300 
SMR LE Lhe 58 5 ks eka Uo tae SR eo eee Spee Waadermsse|sca magiaehs|aetamemeees 1, 200 84 

ROP AURA iiss Stars Ce Aes ee 472, 930 32,602 31,545 2,268 | 4,523, 537 401, 510 

BY DREDGES, TONGS, RAKES, HOES, ETC. 

Apparatus and species. Atlantic. Burlington. Cape May. Cumberland. 

Dredges: 
Oysters, market, pri- | Pownds.| Value. | Pounds.| Value. | Pounds.| Value.| Pounds Valuc 

vatecpie teen cl cae 308, 000 | $64,300 | 91,000 |$13,400 | 39,207 | $7,612 | 9, 912, 280 |$1, 869, 702 
Oysters, seed, public.../ 14,000 TS QOO ML eeatena aoe ome 155,400 | 8,880 |11, 200, 000 0, 000 
Oysters, sed) privates 3 eos (eee. ee 700001) (50007) oe et Ae Sale oi tos Cae cia tote ets 

Potala ts. ot jemcans 322,000 | 65,300 | 161,000 | 18,400 | 194,607 | 16,492 21,112,280 | 2, 509, 702 

Tongs, rakes, hoes, etc.: 
@lams}hards220)).eeu 230, 320 | 104,220 | 54,000 | 24,300 | 90,192 | 48, 851 800 300 
Glamsiisont seo Laan 11; OOO sen istOO OSORIO VS | Ra re ee Aaa 
Oysters; market, publie |i 3. es oe se TA OOO 252200142 O00!) Gs OOO ete creierasiciel| eieetes sere 
Oysters, market, pri- 
Vato ee 222,075 | 40,307] 63,000} 9,400| 1,400 300;|/-sciveis seal eee aed 

Oysters, seed, public... 42,000 2,895 | 28,000 | 2,000 |...... ceallaciee see 183, 400 10, 480 
Oysters, seed, private... 5, 800 269 | 42,000 5 O00) | soeees sac] Geman ce emoeeesentee eee enters 
Musselsiesetek wens ece 790, 000 SOTO Se checeicn|smationeallemicewaoaal temiecien 1,000 100 
Porrapin seteas ce se ceee 225 77 A) (is a a(S RE NG a en PR RE AN | i ARR CE SI ook 28 

Totalisessneese «-eseee/1, 301, 220 | 154,886 | 201,000 | 40,900 | 133,592 | 55,151 | 185, 200 10, 880 

! 
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Yield of the fisheries of New Jersey in 1921, by counties, apparatus, and species—Con. 

BY DREDGES, TONGS, RAKES, HOES, ETC.—Continued. 

Apparatus and species. Middlesex. Monmouth. Ocean. ™ Total. 

Dredges: Pounds.) Value. | Pounds.| Value.| Pownds.| Value. | Pownds. Value. 
Gypbshard: Bel fie SP Pee eee ae 94,999 "| S55 (O0NR woe c lo... eee 94, 999 $5, 700 
Oysters, market, public..|........)........ 10,500.) O05550"| 02.5... 2. bes atacees 10,500 | 1,550 
Oysters, market, private.|....... BSS 2 147,000 | 26,100 | 130,900 | $19,520 | 110,628,387 | 2,000,634 
Olysters;seed; public...) 7; 000) (S2,000 |... ...2.) fe tee dos ee clse. cc les 11, 376, 400 650, 880 
Oysters, seed, private....{......../........ 15,400 | 1,760 | 152,600 | 10,720 238, 000 17, 480 

1,000 | 267,899 | 35,110 | 283,500 | 30,240 | 22, 348,286 | 2,676, 244 

900 | 95,576 | 46,737 | 309,400 | 139,240 | 782,088 | 364, 548 
yet 128,000 | 19,200 | 4,500 450 143,500 | 20,650 
Wi Sao nt lee aes De ,8 440 58, 800 8,640 
aire 13,293} 2,500 | 49,700] 7,165 349,468 | 59,672 

BOD MIE rey title ne F 2’ 100 150 | 2627 500 16, 025 
EDP (PSE Se ee 25,900 | 1,780 73, 500 5,049 
oe Bainter le 791,000 6,070 
ne he 7, 800 NG i ee a ie na eae 9 7; 800 159 

ead ale 995 | 225 

1,400 | 244,669 | 68,596 | 394,400 | 149,225 | 2,468,881 | 481,038 

1 Tn addition 1,543,059 pounds (220,435 bushels), valued at $232,850, were taken by New Jersey vessels in 
Delaware waters and are shown under the latter State. 

INDUSTRIES. 

Wholesale trade.—In 1921 there were 61 wholesale establishments in 
New Jersey, valued at $722,220, engaged in handling fresh fish, 
oysters, clams, and other fishery products. This number included 2 
firms manufacturing scrap from king crabs, 1 firm manufacturing 
poultry grit from oyster shells, and 1 firm engaged in canning stur- 
geon caviar. The number of persons engaged was 480, who received 
$273,774 in wages, and the cash capital amounted to $230,100. 

Menhaden industry—In 1921 there were 3 menhaden factories 
operated in New Jersey, valued at $409,196, with a cash capital 
amounting to $78,000. There were 89 persons engaged in the fac- 
tories, who received $24,485 in wages. The number of menhaden 
utilized in the factories was 33,600,000, or 20,160,000 pounds, valued 
at $109,000, and the products prepared included 7,238 tons of acidu- 
lated scrap, valued at $141,803, and 459,600 gallons of oil, valued at 
$107,340. 

Statistics of the wholesale fishery trade and menhaden industry are 
given in the following tables: 

Investment, persons engaged, and wages paid in the wholesale fishery trade of New Jersey 
in 1921, by counties. 

Cumberland Items. Atlantic. Cape May. and Salem. 

Number.| Value. | Number.| Value. | Number.| Value. 
5 | $20,900 7 | $48,300 27 $200, 238 

Eaters oe 000 |......2-20f 14, JA ; 
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Invesiment, persons engaged, and wages paid in the wholesale fishery trade of New Jersey, 
in 1921, by counties—Continued. 

Items. Pee Monmouth. Ocean. Total. 

i Number.) Value. Nitnapee | Value. | Number.) Value. | Number.) Value. 
Establishments. ............-. 6 |$270, 535 4 '$169, 072 12 | $13, 180 61 |$722, 220: 
Washi capitawe, Bi 522 Sie bss eee aes $0;500 f.025 05.5 1) 19°000 |. 22: eh. ,500 |..--....- |, 100 
Persons engaged............... 134) 2 Out Tae, Wa fcueeece 2Bale veya 18 SEO WRT Eee oe 
Wages paid so-so ske ocscecsoloecseacee 27 (2 Leet 49) 427) | NT e S650! |e ee 273, 774 

The menhaden industry of New Jersey in 1921. 

Items. Number. | Value. Items. | Number. | Value. 
| | | 

HACUDFICS See noaan seater te oe 3 |$409, 196 || Gasoline vessels fishing. --.... 7 | $99, 800 
Washicapitale ions cckecueetlepeccesseres 78, 000 Monnage sss) ee aon i Bl be A 
Wages paid factory employees.|............ 24, 485 | Qutht antec. Goes ae ee ee 9, 600 
Persons in factories........... Ue Baceook I Pnrsesemesse: seen essase 7 6, 800 
Persons on vessels......--.--- NOGii| Seeeae ae SSS 
Menhaden caught by vessels. .|116, 275,442 | 45,526 || Products: 
Menhaden caught in shore Acidulated scrap ..-.tons.. 7,238 | 141,803 
LiL ATS OLS CIS ve ge eee SEN 33, 897,437 | 72,691 OU eee gallons. . 459,600 | 107, 340 

Menhaden utilized in factories.| 33,600,000 | 109, 000 

1 This includes 3,800,000 menhaden taken incidentally by fishing vessels. 

FISHERIES OF PENNSYLVANIA. 

The fisheries of Pennsylvania in 1921 gave employment to 591 
persons, of whom 42 were on vessels fishing, 2 on vessels transporting 
fishery products, 105 in the shore or boat fisheries, and 442 on shore 
in the wholesale fishery trade and other fishery industries. 

The investment in the fisheries and fishery industries amounted to 
$1,375,778, and included 4 fishing and transporting vessels, valued at 
$26,800, with a net tonnage of 103 tons, and outfits valued at $5,125; 
45 boats, valued at $4,305; fishing apparatus, valued at $5,192; 
shore and accessory property, valued at $1,074,156; and cash capital 
amounting to $260,200. 

The products of the fisheries amounted to 594,613 pounds, having 
a value to the fishermen of $44,621. The most important species 
taken were alewives, 20,085 pounds, valued at $405; carp, 9,712 pounds, 
valued at $1,511; scup, 142,000 pounds, valued at $7,100; sea bass, 
135,000 pounds, valued at $12,500; squeteagues, ‘‘sea trout” or weak- 
fish, 240,000 pounds, valued at $14,400; and suckers, 21,199 pounds, 
valued at $2,469. 

Compared with 1904, there was a decrease in the number of persons 
engaged of 821, or 58.14 per cent, in the investment of $721,937, or 
34.41 per cent, and in the products of 1,451,681 pounds, or 70.94 per 
cent, in quantity, and of $122,878, or 73.36 per cent, in value. 

The following table gives the number of persons engaged, invest- 
ment, and the quantity and value of the products of the fisheries of 
Pennsylvania in 1921: 
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Persons engaged, investment, and products of the fisheries of Pennsylvania in 1921, by 
countres. 

Items. Bucks. Delaware. Philadelphia. Total. 

PERSONS ENGAGED. 
Number.| Value. | Number.| Value. | Number. Value. |Number.| Value. 

ean wessels fishing 4 Nees 52/30). SAA beh clo ono cwieun|toowacon AD oe eae mone AD oa eetnite > 
On vessels transporting . ....|.........|......-- DUM SA eee adorcetal s clst <a eee 2 | x. Ae aehoe 
In shore fisheries..........-. SHU sneaks Wiles shee ead daualsC epee eres TOS een ecae 
BHOXBSMGEN ose. cc bePe ee el ait ccctecloou sek =. iP) easels ASD ete eae ee es 44D Wie te Seah 

Totalossce.. . os ees< Soe Wek: SANS AY. zee AUD ieee hence SOL || o ~ -aeceeee 

INVESTMENT. 

Vessels fishing: 
(C801 2 core ASRS ECA NABER IRSAOESISS CCoCAreSe Moaacere 3 $26, 000 3 $26, 000 

SIR RAO es ocr naa a 5c'ok Sach lew sabenalns sesee ee lmaeta acd GBlsacekentece OSE «scree 
RCH G eee ee he ce alae eh al ee RES SIOFO HESS EUe 5, 050 

Vessels transporting: 
Ase io ctcccinsccloscece cele see 1 COLUN Ea hee) orrsors cise 1 800 

RONNAGSE ce siscs 0d oc atmos tenlbecs eee LO’ ee eercacl Sesseeee essere suee LO} eee eee 
Bere sop corel Seen bae lu aeieee da tees TA cent otael sep aaicaman ick peeeme 75 

Boats: 
MROW ke, sho 382) ws 30 | $990 7 VALE near aot st Ree eee 37 1, 205 
GASOUNG «<< p  eniceeocs 1| 1,000 el ee kU seicmccesma meets cea 8 3, 100 

Apparatus, vessel fisheries: 
TSTEL SO Qa Se ee ee a eT SRC U aE Chere 1 1,000 1 1, 000 
ISILON! See ere | See ee eee Oe [ae eke . Seas ia aecn re. pa? al as sg 250 

Apparatus, shore fisheries: 
ANI RAT 21] 1,892 1 Ai sctrcienicicis| s ciews eens 22 1,912 

Gillsiets ot. FS... 8 420 5 2G See ee sei bag cee eee 13 1,370 
St) en Oe ee 2 300 3 SPAT ae Se ee Pe epee 5 625 
Fyke nets....... BOSC tes Sob Béctony lb aA 25 3 ease EE Gaston crac 25 35 

Shore and accessory prop- 
EMiyee merece mente: 670 18, 100 10555380) eee 1, 074, 156 

Cash capital... 257. 20D) He <3 260, 200 

TREY CIS Ie eee 1, 375, 778 

Value. | Pounds. Value. ¢ 

108 
6 

1,511 
128 
48 
22 
10 
80 

7, 100 
12, 500 
5, 834 

EebeAriy OF Weakstistl= oon |s-ee ean saceree| ces teerit es eres , 000 14, 400 
SCRE aan Soe ee pe eee ol OU OO: | PasaaO he LODO © IDOLS sea a 21, 199 2, 469 

Motels 25-2. cee 2,072 | 522, 400 34, 252 | 594, 613 44,621 

VESSEL AND SHORE FISHERIES. 

The products of the vessel and shore fisheries of Pennsylvania 
are given in the appended table. 
amounted to 522,400 pounds, valued at $34,252, and by boats in the 
shore fisheries to 72,213 pounds, valued at $10,369. 

The products taken by vessels 
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Products of the vessel and shore fisheries of Pennsylvania, 1921. 

Species. Vessel fisheries. Shore fisheries. | Total. 

Pounds | Value Pounds Value. | Pounds. | Value 
PAN GW VES! os ela iais thes Sraiaie cig Semieate Sale sels aie ee | ee ole a | ets eee | 20, 085 $405 20, 085 | $405 
BlUeHSHY |. dissects cateccneeclecosseenene 600 SLOS) e Savaosen ices aeeeens 600 108 
IButtertish he eee ae Se ies Te eed 200 Gil cee ees La aaleae 200 6 

ALPS alee a has teeta clateve oc SME SIo ania mlm lcleteiein iets 5,5, Site ie have a ERAS kits erepiataha 9,712 1,511 9,712 1,511 
ACRES Ta pec AR Ey ne NE Ai oo Lee Se ee ae ll ade ee 2,125 128 2,125 128 
COTO ee ek tee ea Ninn eer y eek EAE CNY 2,400 BS Nac enceceae wells es eheedl 2, 400 48 

(CV See eT Sa a eer Be ae A a a ee A er ey | 220 22 | 220 2 
Mound ers: Soh oe a ee se 200 LOH eee pen eats. cides 200 10 
TE feta feL Ree BLE LSISSIEY SE SOONGSS TDM ERE AAC ANG 2, 000 SOp|beseeease Beek eke 2,000 80 
BC Dice ccc wok © scence clock cmaete Outer anne 142, 000 TOO | aes et cto eee lace So cee 142, 000 7,100 
Heabassey as eooswoie ese tee Cs eee 135, 000 | DAT ee eee ee 135, 000 12, 500 
(STN Y6 ip eGo Toe ane ig Pal [Aya seo ee SLANE 18, 872 5, 834 | 18, 872 5, 834 
Squeteagues or weakfish.................. 240, 000 14400} eee eae es. cee 240, 000 14, 400 
{SRO Ey A eh WR ae risen ee lay TRIN Bet Ee eer eer Pe a Ue 21,199 2, 469 21,199. 2, 469 

Total ee te Sauk cmc cccse Meee eee | 522,400 34,252 | 72,213 10,369 | 594, 613 44, 621 

FISHERIES BY APPARATUS. 

The most important forms of fishing apparatus used in the fisheries 
of Pennsylvania in 1921 included purse seines, with a catch of 398 ,400 
pounds, valued at $22,472, of which squeteague was the principal 
species taken; haul seines, with 58,770 pounds, valued at $7,503; 
and hand lines, with 124,000 pounds, valued at $11,780, consisting 
mostly of sea bass. The remainder of the catch was taken with 
gill nets, stop nets, and fyke nets. The catch taken with each form 
of fishing apparatus in the vessel and shore fisheries combined is 
given in the following table: 

Yield of the fisheries of Pennsylvania in 1921, by counties, apparatus, and species. 

Apparatus and species. Bucks. Delaware. Philadelphia. Total. 

Haul seines: oun Value. | Pownds.| Value. | Pounds.| Value. | Pounds.) Value. 
IATeWivestese osccakosnscns oes BO KOSS |, B05 | oe Seen ee RE ae IE 20, 085 $405 
OF oI ft eA al eR yh 7 ga ORNs fi wake eh (peer nas 4, 677 642 
Catfishe. S$ scall cod tales See (Pend as 125 {40 bi oe Seana 125 8 
Shad? Ais od es seat 12684 |S, OUD ule cache tent |[sicee ee clita sieersic ls tetolcatale i 12,684 3,979 
Buckersuscinis.Gutats 08-02 20,199 | 2,349] 1,000 Bi Mi eg bah eee 21,199 | 2, 469 

Motalees stoke eh oe ose odes 57,645 7,375 | 1,125 TSA 4 ee ee Iara 58,770 | 7,503 

Purse seines | 
TSI a spe wists Saja ata once wis aoe (alee Sacinte sal eee mins nts | ein tental ais] ements 600 $108 600 108 
Butbterfish. peli seee esas ee a ere coeliac ee Ses ites ais Mele eiate Se ote 200 6 200 6 
CROBKON re on ca cote cosines cee t ee Me secon oseeiece| ste ecier etal erties 2,400 48 2, 400 48 
TOL) DnK6 (aes ee SRR ce Horio Macacrerica eecacicig) ire: racic rnc ic 200 10 200 10 
SOUP E se wide conse ecics lewiod cetae | Ssceis ook | eeecems minteemecion|letemaatee 140,000 | 7,000 | 140,000 7, 000 
Dea) bass Me eed ceccbc soc see oelaece war erate omreretal ase acta ial ambiea tes 15, 000 900 } 15,000 900 
Squeteague or wealcfish: 32008) 222. cece he ck cellos eines = 240, 000 | 14,400 | 240,000 | 14,400 

Motalisevevieed i Ay nv reuislelicel seals eli. Mey geo bee eaeree J | 398,400 | 22,472 | 398,400 | 22,472 

Gill mets? Shad). {Uj 3) 20 2,143 683 CO 1 GSM a | ee a ee bp ae 6,188 1, 855 

PHULOP MES? (CALP Ja.s veticcsot cece 1,535 239 3, 500 OSU) sb.- Saeieed| See cae 5, 035 869 

Fyke nets: | 
Catfish th CR EN ie ter aa tai 2,000 TOR ere omen | eee cictetere 2,000 120 
FE ES oe ee eee ee eS Ae cee 220 7 ey Ane PRs AS 220 22 

Motale eye sais sich Meee sea eae ae ee 2, 220 MED Saeco ese clessse see 2, 220 142 

Hand lines 
Pipishe se soe stews anisole lMaaeincatee|leeclas siete lebeGsetactl lisesi etapa 2,000 80 2,000 80 
RSTeW aS eta Re ee re Ne REIN: I lames cma tran 2,000 100 100 
Sesbass see oe suk we leciasionel secoe se meltawien ane [se teeeeee|eeeeeeee 120,000 | 11,600 | 120,000 | 11,600 

Total seen ee ee ae Monee epee lees seule a's ccaenda| imabmtaee 124,000 | 11,780 | 124,000 | 11,780 

Grand total- 0. -l..cscscee | 61,323 | 8,297| 10,890| 2,072 | 522,400 | 34,252 | 594,613 | 44, 621 
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INDUSTRIES. 

Prepared products.—In 1921 there were 15 establishments in Phila- 
delphia, Pa., engaged in preparing smoked fish and other products, 
having a value of $566,800, with cash capital amounting to $87,300, 
and employing 118 persons, to whom $119,919 were paid in wages. 
The quantity of smoked fish prepared was 1,185,328 pounds, valued 
at $215,436. Other products prepared amounted to $84,480 in value. 
Statistics of these products, by species, are given in the table below. 

Wholesale trade.—In the wholesale fresh-fish trade of Philadelphia 
and Chester, Pa., in 1921, there were 52 establishments engaged, 
valued at $503,486, with a cash capital of $167,900, and employing 
324 persons, to whom $357,787 were paid in wages. 

Smoked and salted fish and other fishery products prepared in Philadelphia in 1921. 

Items. Number. | Value. |, Items. Pounds. | iveuinre! 
} 

Establishments..............- 15 $566,800 || Smoked fish—Continued. 
Gentian tal 22... a Os aoe Mon eesd ceons 87, 300 || Herring (Maine)....... tee 22,000 | $2,640 
Persons engaged.............-- 1B) ee ecceet- Herring (Nova Scotia)..... 494,646 | 62, 687 
EOS DAI toe eos tM eae Moc cances ota 119, 919 Shad. oe oeeesc sos zbrererehrere 9, 600 3, 840 

———— SLUTEEOM ES) Psloz cas aise veretorclave 4, 800 6, 000 
Smoked fish: Pounds. | Value. || ———_——_|—_———_ 

ATOWIVESS «occ cis me ccesinets 36,300 | $6, 240 || Wotal=: Has. oscsaseseews 1,185,328 | 215, 436 
Butterfish. : 2.21026... 04, 14, 000 3, 080 |) =—=> 
@iscoes!(.. .... 3.22 588..3 460, 582 | 101,974 || Salted fish: Lake trout........ 3,600 | * 1,080 
Ciscoes (‘‘tullibee’’)....... 5, 900 1, 475 || Miscellaneous products 1.......|....-...... 83, 

paddock. .7..53 008.8. 52 137,500 | 27, 500 || 

1 Includes lime and poultry grit from oyster shells. 

FISHERIES OF DELAWARE. 

The number of persons engaged in the fisheries of Delaware in 1921 
was 976, of whom 279 were on vessels fishing, 2 on transporting ves- 
sels, 540 on boats in the shore or boat fisheries, and 155 on shore in 
the wholesale fishery trade and other fishery industries. 

The investment in the fisheries and fishery industries amounted to 
$585,616 and included 29 fishing and transporting vessels, valued at 
$230,482, with a net tonnage of 760 tons and outfits valued at 
$23,561; 416 boats, valued at $39,035; fishing apparatus valued at 
$27,938; shore and accessory property valued at $153,400; and cash 
capital amounting to $108,500. 

The products of the fisheries amounted to 25,023,193 pounds, having 
a value to the fishermen of $652,448. The most important species in 
value were alewives, 351,590 pounds, valued at $6,431; carp, 87,820 
pounds, valued at $13,166; croaker, 418,873 pounds, valued at 
$18,682; menhaden, 18,082,000 pounds, valued at $67,970; shad, 
86,836 pounds, valued at $16,312; squeteagues, “sea trout,” or weak- 
fish, 886,550 pounds, valued at $53,317; and oysters, 4,315,731 pounds, 
or 616,533 bushels, valued at $450,873. 

Compared with 1904, there was a decrease in the number of persons 
engaged of 923, or 48.6 per cent, and also in the investment of 
$84,379, or 12.59 per cent, but an increase in the products of 19,414,904 
pounds, or 346.18 per cent, in quantity and of $392,858, or 151.33 per 
cent, in value. This large increase in the products was due to the 
fact that a considerable catch of menhaden was taken in 1921 and 
none in 1904. 
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The number of persons engaged, investment, and products of the 

fisheries of Delaware in 1921 are given in detail in the following table: 

Persons engaged, investment, and products of the fisheries of Delaware in 1921. 

Items. Kent. New Castle. Sussex. 

PERSONS ENGAGED. 
Number Value. | Number.) Value.| Number. | Value 

On vessels fishing. ..------ 12-7 RAR AE a le 8 ee an Bee acae 152 | REE SA 

On vessels transporting. ..|.---.-----|--+--+----|----+-22-}o00ct07+ Dill aerate oe 

In shore fisheries. --.------- 1767 ells ai ead S40 fsa Dat es Spe ne 

Shoresinteni52553.-222 5% 13a Sey ere Gist Rese. 130}... 553254 

Potallits « 22555 Shee Seah 2 heen cuts OM ays tc OGa es eae 

INVESTMENT. 
a 

Vessels fishing: 
Steam a! $165, 382 

492) 240 seers 

Rae ella wae; AOUN ne ctor [ene es anh a nmagee i is 200 
Skeets 

Bal cebouet | kendnes 700 |e cs. aaleaet or Wen 900 
al is 2, 500 

Rie eee res 

Vessels transporting: 9 © Wariihan Doct paleo OOP OBR? RS TD ad 
Gasoline b 600 

Sail 2 "1, 500° 
Bil zs jax! hers 

erase aoe Sr aay ch RMI) Oe IE IN ae Se ah 100 

Row 197 5,070 
Gasoline 42 12) 015 

Apparatus, vessel fisheries ; 
Pirseseines...-.......)---+--2-c|-- cscs gpefec reso stole. 4 6, 000 
Dregges. |. cus. hnscues Cia hy os PA 04) igh 1 4 *"90 

Apparatus, shore fisheries: ae 
Gillinetst esse se aeee 16 530 52 8g | 1,860 
Fossa nets Teena ees 

aul seines 
Fyke nets. .....:2...-- " 300 
Hand lines 25 
POLS Sees oa ews eee 205 
Minor nets 3 
TRON Sot wears cy presale 680 

Shore and accessory prop- 
et ere: ee renee ce eet Jeeeeceeeee | 6,000 |......... 1QISO0 Te - EES. L 127, 900 

Gashicapital..0...22.2...22|-----.---- 2,500 |.-.------ Bt O00; eae eeere oe 101, 000 

Total. ..--...-.-----) 0. 98, 618). ..-... rae gee ee 441. 146 
PRODUCTS. ue ee, =a ———— 

OUuUnNds. | avue. oun ANT ahaeee \ 62,990 | $2,059 |.....--.. Value. | Pounds Value. 

Bluofish | iy VOT ns amin sinin iE oo 285, 600 $4, 372 

Bluefish. -----------------["""G9°3a6 |°""3, 901 | “60; 880'|'ga,680'| Zan | 1,178 
CRpHSHES Ree OT MS FBS 6,377 470 | 26,754 | 1’ 942 2’ 160 "162 
Gtoaikeri ey Se 141, 848 SOU Nes dle s ; 4 

Drum black : aa gil Ne Eich yy Za t iy 130 si paced, Dai Hogs eee yan gi 3 a iA 0 22 

ee sf ee ie a | ee ae 
Gizzardshad (S855 Op sakes RS Lal a 7,320 |” "299° ; : sci e | , 292 CREATE Citra 

TF ea Spec aoa LAS ambos ruins 
Perch) white x2 229. £ Lo 2,324 324 352 35 4, 247 563 
Berech |.yelldwc. - - 4-024 \s 2025 fee sbeae s- Boee 288 , 
Pike.” 163 14 2 *: a at Tee et ENS ARES bg Accent HYUN E> nl in iielagdl Ke 5 | teehee trae MI 9 | 
Sea bass eS al APS, So eat ie oe baa witeie tate EAE (ew feined aires eee ea 250 12 

Spat E fais uate Gartecensts 1, 234 307 | 10,123 | 2,853 75,479 | 13, 152 
BEE A CEE EEN Reh ANS 2 aes te Aa bra tte ste tated hel hei har BA ae 14, 6 

Squeteagues or weakfish..| 492,625 | 29, 556 300 24 393° 625 23 737 
Striped bass.............-- 973 Vig IM el RA Te 37942 | 1,182 
Sturgeon....-..-.-csss5--4| 520 78 | 11, SVON tid, 735i aes b Ay] bit arte 
Sturgeon roe............-- 165 25S ETO | A686 dope use tc! 
Srckerskyyes She GT eee Sees £2 agedseas 983 ALISON. BSUS URES 
AT END oreo a pene 8 Rta pie sry | Pe eel Re ae cosh mee 1, 500 7. 
Crabs, soft. .......--..----|--2-+-----|--+2rs22|eeee eee ee] ee eee eee 4, 600 1, 150 
King crabs.......-.--.---- 500,000 | + dy BOO: a vsnsayse| cele cbs 130, "390 | 
Lobster tsa ; ao 00 | 2,800. HORSE oar et Cs PTA RUSAEO WN NAO (Vet PAGO 20 | sea ve a 
Oysters, market, public...) 324,919 | 31,750 |....--.--|........ 545,300 | 42,390 
Oysters, market, private. .|1, 942,563 | 293,975 |.........[0....l |... ne Matte an ee 
Oysters, seed, public..-... 1,376,949 |; 78,558) \js25-----|. 22.522 126, 000 7, 200 
Mera pine seeees eect e eerie eae -ee ls Waatsele eects lee ereistaipsretletee octet "300 ”300 
AD IPtlOSs) 22 ce oes ates cle bees 2, 250 1 3a Se Ee ee aE Oe Sue Soddcad 

Mobale seine wae Cee 4, 881, 039 | 448, 821 | 130,598 | 21,857 |20, 011, 556 | 181,770 

Total. 

Number. | Value. 
PH Eo ee ae e 

2h eles 
540 
155 

976 

4 |$165, 382 
#92". scan 

og. Lets a 7,591 
12 | 38,900 
je gi Reebeen ee 

Siena Ae 9, 050 
13 | 26,200 

132i akeeute 
phen Oris 6, 920 

1 600 
rene ese 
3| 2,000 

OTL ees 
on ee 100 

303 | 7,770 
113 | 31,265 

4| 6,000 
50 | 1,145 

156 | 6,930 
5 | 1,000 

93 | 9,000 
431 | 1,629 

eee RNC wy) 25 
281 281 
41 883 

208 | 1,040 

1, 942; 563 | 293, 975 
1) 502,949 | 82,758 

300 300 
2, 250 112 

25, 023, 193 652, 448 
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The products of the vessel and shore fisheries of Delaware are 
given in the following table. The products taken by vessels amounted 
to 21,462,331 pounds, valued at $456,518, and by boats in the shore 
fisheries to 3,560,862 pounds, valued at $195,930. 

Products of the vessel and shore fisheries of Delaware in 1921. 

Species. 

LGTeTT YS Tyo) i oN aE ae een 
PPPARTUESON Mes soe cccce ac ce as tee ase 
Menhaden 

Squeteagues or weakfish. ........... 
Seripedibase:*. <2 23h = se. gees. 
SULT EP ee a eee a eee 

Suckers 

pielemcasccadawocssecuamence 

lame, bards i5=3 f920.25:.30: 4. dys aes 
Oysters, market, public... .-........ 
Oysters, market, private............ 
Oysters, seed, public 
Terrapin 
Lh an SR ne ae cE ae al |e Cen 

Vessel fisheries. 

Pounds. Value. 

1 1,942, 563 
1,387, 449 | 79,383 

Shore fisheries. Total 

Pounds. Value. Pounds. Value. 
351, 590 $6, 431 351, 590 $6, 431 
125 265 1,325 265 

87, 820 13, 166 87, 820 13, 166 
35, 291 2, 574 35, 291 2,574 

418, 873 18, 682 418, 873 18, 682 
1, 150 22 1, 150 22 

16,012 1, 598 16, 012 1,598 
34, 429 1, 798 34, 429 1,798 
7, 320 292 7,320 292 

26, 000 | 260 | 18, 082, 000 67, 970 
513 25 513 25 

6, 923 922 6, 923 922 
2, 758 273 2, 758 273 

272 25 272 25 
250 12 250 12 

86, 836 16, 312 86, 836 16, 312 
14, 600 928 14, 600 928 

886, 550 53, oL7 886, 550 53, 317 
4, 915 1, 426 4,915 1, 426 

12, 090 1, 813 12, 090 1,813 
1, 872 | 5, 139 1, 872 5, 139 

983 | 118 983 118 
1, 500 75 1, 500 75 
4, 600 1, 150 4, 600. 1, 150 

630, 000 1, 890 630, 000 1, 890 
10, 400 2, 600 10, 400 2, 600 

640 640 4, 040 2, 340 
797,300 | 60,390 870, 219 74, 140 

URES aa Oea Pe res SUEY 1 1, 942, 563 293, 975 
115, 500 3,375 | 1,502,949 82, 758 

300 | 300 300 300 
2, 250 112 2, 250 112 

3, 560, 862 | 195,930 | 25, 023, 193 652, 448 

1Tneluies 1,543.057 pounds (220,437 bushels) taken up by New Jersey owners. 

FISHERIES BY APPARATUS. 

The principal forms of fishing apparatus used in the fisheries of 
Delaware in 1921 included gill nets, with a catch of 275,840 pounds, 
valued at $30,406; purse seines, with 18,056,000 pounds, valued at 
$67,710, consisting entirely of menhaden; haul seines, with 1,578,466 
pounds, valued at $81,882; and dredges, tongs, ete., with 4,949,771 
pounds, valued at $455,103. 
with pound nets, fyke nets, hand lines, pots, and minor nets. 
catch taken with each form of fishing apparatus in the vessel and 
shore fisheries combined is given in the following table: 

The remainder of the catch was taken 
The 

Yield of the fisheries of Delaware in 1921, by counties, apparatus, and species. 

Apparatus and species. Kent. New Castle. Sussex. Total. 

Gill nets: Pounds. {| Value. | Pounds.| Value.| Pownds.| Value.| Pounds. | Value. 
mlwivess ss... ee 11, 230 b 7-7 gh | oak at ab ane 1, 950 $39 13, 180 $263 
ors) EECCE Sees aa | = ae le eee 135200) [RUE ORO Ee secs dale t-te ee a 13, 200 1,980 
Cattishee es... oS: ss52: 1, 150 80 1,350 TORS | 2 See Se fe |b edie ae 2,500 188 
Crombie so soh tes teeeeie ire) 76,550 | 3,062 |  76,550| 3,062 
Gizenre/awadso. 3. sens) | howe ests ans oes 7, 320 POOH Asmar ects The es ae 7,320 292 
PANTS a peep | ire Ga ing ak ee Ine nek gana (aeeeai eral ees amas 26, 000 260 26, 000 260 
Mullet.) 5 5 eat 153 NOE eee eee || Pines ae. St Pepe aeee 2]: Fa de shee | 153 10 
Perch, white.......... 800 iM BE acc ser RSE eee ceesmeee cen ial 800 96 
EIKO ys coos kaa e ee 163 1 Yo [eS | | ees es | 163 14 
Cn ee FES 329 85 | 10,123 | 2,853 63,885 | 11,058 | 74,337] 13,996 
S12 = See ay (Sse ea Nl oh Saag | SP aera | aes See 9,650 532 9,650 532 
RSPUGEOR LIBS =< oi Eade ae ea eee eee | k be Nee eo te 36,275 | 2,236 36, 275 2, 236 
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Vicld of the fisheries of Delaware in 1921, by counties, apparatus, and species—Continued 

Apparatus and species. Kent. New Castle. 7? = Sussex: ' Total. 

Gill nets—Continued. Pounds. | Value. | Pounds.| Value.| Pounds. |‘ Value. | Pounds. | Value. 
Striped bass..--. 2-2... |.. 0. 0-0-22-|-2-2 wo 2-- [oe --cene- |-------- 1,750 $525 1,750 $525. 
Stureeonsa ee 520 | EG tal pe a eae hie SS 7a Oe Pe 12,090 1,813 
3turgeon roe.......... 165 | 453 LO TO SOO Uaeey ne SE A ge 1,872 5, 139 

Motalienes: -Sakeck ae | 14,510] 1,040) 45,270 | 11,654 = 060 | 17,712} 275,840 | 30, 406 

Pound nets: | i 
(Oly ORR 00) 8 Re Se, Pe SS Mh ae L-| 1,760 te Fa ak CU ia ey WAS 1, 760 264 
Gatfish Mev iies |. ees aE ieconh a ene eeeceece 5, 595 AAT plots heprasd | tees: 5, 595 447 
Beals sop os. ach aes Lona Genes esiejos pre 209 Pa Ree Gece cel eee gon 209 21 
Perch jiwiites «. «2 sued se tee cle eere tes cee 352 5 itl PN aera es ieee 352 35. 
Perch y VENOW ost sece act ae lees oma 288 | ad ar aed eee ee 288 _ 24 
Squeteagues....-....- eetosoe so Macs ese as S11) ee ey? Sol ead Crh an ie ee a 300 24 

tA No) ge ee | tas Be WS Ma Le See ee 8, 504 bel Mal ee aed a 8, 504 815 

Alewives 276,650 | 4,133 | 328,410 | 5, 968 
Bluefish 1,325 265 1,325 265 
Carpi DME. i. kee 5,995 899 28,055 | 4,202 
Catfish okies oo. O03 2,160 162 10, 782 812 
Groakers:8.0 05... 4S zeeseess}> 189,375 | 7,585 | 331,223 | 15/176 
LDS bees Ve Ng Sol BA ese rseies| Sse ean ool primes apie moe 1,150 22 1,150 
Plound orsisee cone sahara fascbe Sorid)eaciconkys: 6,219 381 6, 219 381 
(Vive Gente tie oor eat oe oh ame ete stots ea Sn Sm 360 15 360 15 
Perch, white.........- 1,524 22812 ve revasel teats = 3,017 416 4,541 644 
Perch VaN@Weisccccscs|seeas a6 aeae fe ccc canlesonsesollas teag se 220 24 220 oA 

ikon eek oe So ee a Cee ee (Peeters 2 eS AN Sel ee soe s 109 11 109 11 
Saige rae get ci EAN 905 22] |x aeeiededslecresees 11,594 | 2,094 12, 499 2,316 
STOOLS MA He UU iia mma abnnsina| mame haya) ob eor ote) bore cee 4,950 396 4,950 396. 
Squeteagues.......... 492.625 \|° 29,556 teccossscifsesasces 352,000 | 21, 120 844,625 | 50,676. 
Striped bass.........- 973 in ye Der cs Bor BOE 2,042 612 3,015 856 
Suckers iia i. Sia ko. Semele alps 983 Ue ome Gen eeeiesed Epics. 983 118. 

a a a ae 

4 NCC) Le eee oe 698,962 | 40,901 | 22,338 | 2,846 857,166 |.38,135 | 1,578,466 | 81, 882 

Purse seines: Menhaden...|.........-- (rence sa 2 ANP ROE 7 TRS See 18, 056,000 | 67,710 |18,056,000 | 67,710: 

10, 000 200 
12,320 | 1,847 
14, 328 969: 
6, 000 240: 
6, 262 624 

| 27, 960 ; 27, 960 1, 402 
Perch White c. oee de Ol ic sien cn see aote oe te | Ces we ten SUE ae 1, 230 147 1, 230 147 
Perch; yellow. .2.-Jscc\os-ceeecese eae e es] Peasy eta etn aie 2,250 225 2, 250 * 225 
Squetespties! ..s.4-4 . fi ocbewencksilied Seateridepaclien cds leaden eb 600 36 600 36- 
Stripedeoassess sce csel eae eee sate hpeti aio Ras Send | aeajr = 150 45 150 45 
Purtless Jha goo kN 2,250 | LIQ US Re 315 SS a ee ae Pee 2,250 112 

Popes ve te) 5,643 | 464. | 27,667 | 2,811 50,040 | 2,572 83,350 | 5, 847 

Hand lines: 
Croker le fbb roo Waar! eee hf | yer eS ee 9 2 5, 100 204 5, 100 204 
12 1e ae eR A RIN Be A re | af ML ON 200 20 200 20 
Blounderst£ 2th 9h Ae SPS Es SPE REAR CISD Ber 250 15 250 15- 
Oa DATS. ois crac eee eile eeepee'= o Were 2 Seibel OREM ze oe seas 250 12 250 12 
Squeterpuess ser een ee ee ae a, ft HR es ad Re eal Pc ed 4,750 345 4, 750 345 
Pautogssece . Wa Lhe ea | meee tng eds) Waa hd kode ae eee aes 1, 500 75 1,500 75 
ARGtraA INS eee eens eee eee ee Ea S| tS ia 300 300 300) | 300 

12, 350 971 

9,341 933 
10,400 | 2,600 
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Yield of the fisheries of Delaware in 1921, by counties, apparatus, and species—Continued. 

Apparatus and species. Kent. New Castle. Sussex. Total. 

| 

Dredges, tongs, etc.: Pounds. | Value. | Pownds.| Value.| Pounds. | Value. | Pounds. | Value. 
iRavig crabs-cc secs 2-3 500; 000-1 :4$15500) |i ceed sealke nooo ae 130, 000 $390 630,000 | $1,890 
@lams, hard: -i2.5-.-.: 3, 400 S700 |S So eet 640 640 4,040 2,340 
Oysters, market, pub- . 
i aa eee S247 919) 31,750) 2. ee loeeeee as 545,300 | 42,390 | 870,219 | 74,140 

Oysters, market, pri- 
2S ERR 8, BAGS)! DGAGIE DUS, O75: (Lee. fe of dN ot eee 1, 942, 563 | 293,975 

Oysters, seed, public..| 1,376,949 | 75,558 |.........|..-..-.- 126,000 | 7,200 | 1,502,949 | 82,758 

Total. -Af2-e0-~-4ce8 BO VA7, Sale A0S, 483. |e Jee seer eee = 801, 940 | 50,620 | 4,949,771 | 455, 103 

Grand total......... 4, 881,039 | 448, 821 | 130,598 |$21, 857 |20,011, 556 |181,770 |25,023, 193 | 652, 448 

1 Includes 1,543,057 pounds (220,437 bushels) taken up by New Jersey owners. 

INDUSTRIES. 

Wholesale trade—In the wholesale fishery trade of Delaware in 
1921, there were 9 establishments, valued at $38,950, with a cash 
capital of $33,500, employing 112 persons, to whom $19,480 were 
paid in wages. Of these firms, 7 handled oysters, 1 handled fresh 
fish, and 1 manufactured scrap from king crabs. Statistics of the 
investment, persons engaged, and wages paid in the wholesale fishery 
trade of Delaware are given by counties in the appended table. 

Menhaden industry—There was one establishment in Delaware 
engaged in the menhaden industry. ‘The statistics for this plant have 
been included with the statistics of the menhaden industry for New 
York, page 88. 

Wholesale fishery trade of Delaware in 1921, by counties. 

Items. Kent sud: New Sussex. Total. 

Number.| Value. | Number.| Value. | Number.| Value. 
Establishments Notre tita cain amamaeneminie tie 4| $22,150 5 | $16,800 9 $38, 950 
Wash capliggueess 2-222 ss-sc-see nese ones |sommaioe aoe R500) ||Saeoscee er $0008 | Seao sce 33, 500 
Persons ened Bloat c clases ane meneeesas AOU biyeie ails C1 (tl eee ares ADDR Scie < ate tee 
WW APCS Palka. Oc ovocancccwsen stan ccticiec|aeicsimnlsece A280 lL ease asi: 15200) |Soeeeuemee 19, 480 

55904—23-—_8 



we 



ARTIFICIAL PROPAGATION OF BROOK TROUT AND RAINBOW 
TROUT, WITH NOTES ON THREE OTHER SPECIES.’ - 

Revised and enlarged by GLEN C. Leacu, Assistant in Charge of Fish Culture. 
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1 Appendix VI to the Report of the U. S. Commissioner of Fisheries for 1923. B. F. Doe. 
No. 955. This document represents a revision and enlargement of the chapters on “ The 
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Based on the Methods of the United States Commission of Fish and Fisheries, with 
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BROOK TROUT. 

The propagation of the brook trout is conducted under widely 
differing conditions throughout the natural and acclimated range of 
the fish. While the general principles on which the work is based 
are essentially the same everywhere, the details connected therewith 
must necessarily be modified to meet the varying conditions of 
climate, water supply, location, and the purposes in view. The aim 
of this article is to outline only those general principles, as it is 
manifestly impossible to enter minutely into all the details that 
would apply in any given section of the country. The material for 
the description of the methods outlined has been drawn from wide 
personal experience and observation. 

DESCRIPTION. 

The brook trout or speckled trout (Salvelinus fontinalis) is one of 
the most beautiful, active, and widely distributed of the American 
trouts. It prefers clear, cold, rapid streams, and belongs to that 
group of trouts known as charrs, characterized by the presence of round 
crimson spots on the sides of the body. Other members of this class 
are the saibling or charr (S. alpinus) of Europe and (S. stagnalis) 
of Greenland; the red charr (S. J/arstoni) of eastern Canada; the 
Sunapee trout (S. aureolus) found in parts of New Hampshire, 
Maine, and Vermont; the blueback trout (S. oguassa) of the Range- 
ley Lakes in Maine, and Dolly Varden, red-spotted, or bull trout (S. 
bairdit) of the Pacific States and Alaska. The lake trout (C7risti- 
vomer namaycush) also belongs in this group. 

The general form of the brook trout’s body varies considerably, 
sometimes being elongated and sometimes rather short, but the usual 
depth is about one-fourth or one-fifth of the length. The head is 
large and blunt, and is contained four and one-half times in the 
body length. The large terminal mouth is provided with teeth on 
the jaws, tongue, and palate bones, and also with a small patch on 
the vomer. The eye is placed high in the head; its diameter is about 
one-sixth the length of head. The gillrakers on the first arch num- 
ber about 17, of which 11 are on the lower arm. The scales are very 
small and numerous; about 230 are in the lengthwise series and 35 
above and 35 below the lateral line. The dorsal and anal rays are 
10 and 9, respectively. The tail is square or slightly lunate in the 
adult; forked in the young. 

| 

| 
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ARTIFICIAL PROPAGATION OF TROUT. 
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There is considerable variation in the color of this trout, depend- 
ent on local conditions, sex, and age. The head, baci, and sides of 
the body, dorsal and caudal fins are of a grayish or greenish color; 
the back, head, dorsal, and base of caudal are mottled with dark green 
or black. Along the middle of the side are numerous round, light- 
red spots surrounded by whitish or light-brownish circular areas. 
The lower fins are dusky, with a pale or cream-colored anterior 
border bounded by a black streak; remainder of fin often red in 
breeding males. ‘The brook trout may be distinguished from the 
other charrs by the dark-brown or black marblings on the back and 
the general absence of spots on the back. 

The parr marks, which are always present in young trouts and 
salmons, are often found in large brook trout. These marks, which 
in the brook trout are about eight in number, are large, dark, vertical 
blotches or bars extending along the sides. 

The brook trout is closely related to the other charrs mentioned, 
but it has quite distinct color markings and is usually less slender 
in form. Individual brook trout, however, vary greatly in form and 
color; not only those of different waters, but often those of the same 
body of water or different parts of the same lake or stream. Modifi- 
cations of both form and color also appear during the breeding sea- 
son. 

The brook trout exhibits such a variation in color under the vary- 
ing conditions of sex, age, size, and locality, that it has been. given 
many local names by fishermen under the impression that it was a 
distinct species. This variation is a protection provided by nature 
which permits the fish to change its color and markings rapidly when 
passing from one environment to another. The appearance of brook 
trout under various conditions of environment may be described, in 
general, as follows: 

Slender, light-colored, and silvery in lakes, ponds, and swift 
streams that are clear and sandy, or in parts of other bodies of water 
where such conditions obtain. Stout and dark-colored in lakes or 
ponds or localities of lakes or ponds having muddy bottom and con- 
siderable vegetable growth and particularly water discolored by 
vegetable stain. The same may be said of streams, and it may be 
added that the swifter the flow of water where the trout occurs the 
slenderer it is likely to be. 
As in external markings, there is likewise a great variation in the 

color of the flesh of brook trout. Although in most instances the — 
flesh is white, trout with yellow or rich, red flesh are not rare. Sev- 
eral reasons have been assigned as the cause for this characteristic. 
W. C. Kendall, on page 543 of his paper on the Rangeley Lakes, Me.? 
gives the following as the probable cause: 

After taking everything into consideration it would seem that the character 
or quantity of food influences the color of the flesh only in its fattening ef- 
fects, and it is only the intrinsic fat or oil in the fish which produces the red 
flesh and delicious flavor of the red-meated trout. The oil or fat is naturally 
red as that of some other animals is naturally white or some other color, and 

2The Rangeley Lakes, Me., with Special Reference to the Habits of the Fishes, Fish 
Culture, and Anglicg. By William Converse Kendall. Bulletin, U. S. Bureau of Fisheries, 
Vol. XXXV, 1915-16, pp, 485-594, Pls. XL-XLVI. Bureau of Fisheries Document No. 
861, issued May 25, 1918, Washington. 
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it is the amount permeating the fish that gives the color its intensity. A well- 
fed, comparatively inactive adult trout will present a more intensive shade of 
the flesh than a fish of the same age living in running water, where its live- 
lihood depends upon its activity, although it may be a well-conditioned, shapely 
fish. In the latter instance the food has been assimilated and utilized in the 
development of energy. 

SIZE. 

The size of the brook trout varies in different localities and prob- 
ably is influenced by the abundance of natural food and the charac- 
teristics and range of the water in which it is found. A trout will 
not attain a very large size in a restricted environment no matter 
how much food it has. The average size, as taken from time to time 
in any given body of water, is remarkably uniform. It is generally 
true, and particularly as regards waters of small extent, that the size 
of the fish decreases in proportion to the numbers occupying a given 
body of water. Referring again to Kendall’s Rangeley Lakes paper, 
we read on page 550: 

As previously stated, trout grow faster and larger in the larger bodies of 
water when food is plentiful than in smaller or more circumscribed places. 
Given plenty of room and plenty of food, it is a question to what size a trout 
might not attain. There are at least two natural conditions aside from those 
of environment just mentioned that probably affect trout. There is, doubt- 
less, a natural size limit beyond which the trout could not go if it lived to be 
200 years old; but even if.there were no size limit, the species doubtless has 
a more or less definite life tenure that would in any case limit its growth. 

The comparatively recent development of the study of scales has shown 
that rarely, if ever, is a greater age than 10 years attained by Huropean 
trout (S. fario), and probably not that; the lake trout of Scandinavia prob- 
ably not over 12 years. 

Allowing, then, an average growth of 1 pound a year, as suggested by Mr. 
Page’s experiment, the record fish would be only 124 years old. It is quite 
probable that trout seldom live longer than 12 or 15 years. 

The largest brook trout taken in American waters whose weight 
has been reliably authenticated was from Rangeley Lakes, Me., 
its weight being 124 pounds, while from the Nepigon River, a 
Canadian tributary of Lake Superior, an example weighing 144 
pounds is recorded. From other streams brook trout weighing 10 
and 11 pounds are recorded, but individuals of these sizes are by no 
means common. 

The rate of growth also varies with the surrounding conditions, 
and is more rapid in water having a fairly uniform temperature 
throughout the year. The most favorable temperature for this 
fish is from 45 to 65° F. In the waters of the Rocky Mountain States 
where it has been successfully introduced, the brook trout grows 
rapidly and attains a large size. At present probably the largest 
examples are to be found in certain of the natural and artificial lakes 
of the lower altitudes of Colorado, though in the colder waters of 
the State, in altitudes ranging above 4,000 to 5,000 feet, it probably 
does not average more than 6 to 8 inches in length. Under favor- 
able condititons the average growth is about as follows: 

Inches 
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At 3 years the average weight should be about 1 pound. It is 
probable that fish under congenial artificial environment, receiving 
food regularly, will somewhat exceed this rate of growth. Because 
of the flavor and fine quality of its flesh the brook trout is highly 
esteemed as a table delicacy, and, as it is very game, it is much 
sought after by sportsmen. Those from clear, swift streams do 
not grow as large as those found in quiet and deeper waters but are 
superior in quality and appearance. 

FOOD. 

The brook trout has a voracious appetite and takes advantage of 
every opportunity to satisfy it. Some observers believe that brook 
trout do not feed during the spawning season. This may be true, 
in a measure, of wild fish, but fish that are kept under domestication 
and regularly cared for continue to feed throughout this period. 
In the wild state the species is no doubt largely carnivorous, its 
food consisting chiefly of Crustacea, Mollusca, and various forms of 
insects and worms. When pressed by hunger, it does not hesitate 
to devour its kind. Under domestication, however, it can readily 
be induced to eat mush made of various cereals. Kendall (loc. 
cit.) has the following to say regarding the feeding habits of the 
brook trout: 

The trout seems to avail itself of whatever animal life is available, and vege- 
table food is not always eschewed. A detailed list of what trout have been 
known to eat would be more astonishing than valuable. However, the general 
and principal food supply upon which the adult fish depends may be divided 
into two classes—fishes and insects. 

The trout of brooks subsist largely upon insects, particularly the aquatic 
larve of numerous species, such as caddis flies, Mayflies (Chironomus), and 
dragonflies, and also upon insects that fall upon the water or hover the water 
while depositing their eggs. The food of trout of larger streams, ponds, and 
lakes, of course, consists of the particular kinds that the waters afford, and 
these often differ materially from each other and seasonably in the same 
water. In all waters there is a seasonal supply of insects that varies with the 
season and locality; but where food in the form of fishes is available the insect 
food appears to be more or less neglected, particularly by the larger fish. 

The diet of the trout, however, varies not only with the season but with the 
age of the fish. The seasonal variation, however, may be one of convenience, 
but that of different stages of growth is influenced by suitability. The first 
food of trout fry consists largely of minute crustaceans and small insect larve, 
such as Chironomus, black fly, ete., and that of the fingerling of larger insect 
larvee, worms, and small insects, which diet, however, is not exclusive and is 
controlled more or less by the habitat and environment. 

COMMERCIAL IMPORTANCE. 

While not to be compared in this respect with most of the fishes 
prominent in our market fisheries, there has been developed in re- 
cent years an important and apparently growing industry in con- 
nection with the brook trout. The comparative ease with which it 
may be brought under domestication, the constantly increasing de- 
mand in this country and elsewhere for the eyed eggs and finger- 
lings for the stocking of public and private waters, and the ready 
sale in many sections of the country for the adult fish at high 
prices as a table delicacy has induced a number of fish-culturists 
to undertake their artificial propagation on a commercial basis in 
New England, Pennsylvania, New York, and in many sections of 
the Western States. As the brook trout usually will spawn during 
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the second year, many of the commercial breeders hold their fish 
through the first spawning period only and are able to dispose of 
both the eggs and parent fish at a profit. 

RANGE AND SPAWNING SEASON. 

The natural range of the brook trout in the United States is in 
the eastern section of the country. In Canada it occurs in many 
streams and tributary waters of the Great Lakes, the St. Lawrence 
River, and the Gulf of St. Lawrence, at least as far north as Hamil- 
ton Inlet on the Labrador coast. Its northern limit is not def- 
initely known, but it extends southward in the Alleghenies to head- 
waters of streams in the mountains of Georgia and Alabama. It 
was also found naturally originally in the Great Lakes region of the 
United States az far west as Minnesota. 
Owing to its hardy nature and ability to adapt itself to new 

surroundings, the species may be successfully transplanted into suit- 
able streams, and it has become established in nonindigenous waters 
in Michigan, Wisconsin, Minnesota, many of the waters of the Rocky 
Mountains and the Pacific coast, in the Eastern States, and in creeks 
and rivers of the Allegheny Mountains. With the possible excep- 
tion of the rainbow trout and steelhead it is the hardiest’ member 
of the salmon family and will make a brave struggle for existence 
even with adverse surroundings. 

All streams can not be successfully stocked with this species. The 
flow must not be too sluggish nor the temperature of the water 
too high, although an unfavorable temperature, if not excessively 
high, is no serious obstacle where the current is swift enough to 
insure thorough aeration of the water or where the fish can run 
into spring-fed creeks flowing into the main stream. The ideal brook- 
trout stream receives numerous spring-fed tributaries throughout its 
course, so that its temperature does not exceed 65° F. in summer 
and by the same means is maintained at a relatively high tempera- 
ture during the winter months. It has stretches of gravelly bottom, 
clear, shallow water, and a steady current. It should also contain 
large bowlders or projecting points of land at intervals for the 
formation of quiet eddies and deep pools. 
Any stream having a summer temperature greater than 65° can 

hardly be considered suitable for brook trout unless it has large 
spring tributaries accessible to the fish during the heated period. 
Through the cutting away of the forests and the cultivation of the 
land many streams in the eastern part of the United States have be- 
come unsuited to brook trout. Wash from cultivated land during 
periods of heavy rainfall roils the streams and destroys much of the 
natural food contained in them. The rainfall on cultivated slopes 
drains rapidly into the adjacent streams, causing alternate periods of 
freshets, with turbid water, and drought. In wooded or uncultivated 
sections the rainfall is retained by the soil and returns to the streams 
in a uniform flow of cool, sparkling spring water, extending through 
periods of little rainfall. Streams flowing through open or cultivated 
areas are subject to high summer temperatures, influenced by the 
direct rays of the sun, and evaporation is increased proportionately. 
It may therefore be said that the best trout streams are to be found 
in wooded, hilly, or mountainous sections, 
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Remarkable results have been attained in introducing this fish 
into new waters in many sections of the country and in foreign lands, 
one of the most noteworthy instances being in connection with the 
Au Sable River in Michigan. This stream originally was the home 
of the grayling, a spring spawner. The utilization of the river by 
the lumber interests for the passage of logs at the time of the year 
when the grayling were spawning resulted in the destruction of the 
spawning beds and the consequent gradual disappearance of that 
species. The brook trout was suggested as the proper substitute be- 
cause its Spawning season is in the fall when the river is undisturbed. 
The work of stocking this river with brook trout was undertaken by 
the Michigan Fish Commission in 1885, during which year 20,000 
fry were planted. This plant was followed from time to time by 
others, and the outcome of the attempt was so successful that during 
the spawning season of 1895 about 10,000 trout were captured on 
the spawning beds by means of a small seine and their eggs taken for 
artificial propagation. Many other Michigan streams where this 
fish was not indigenous have since been successfully stocked. 

The most remarkable results of this work of acclimatization have 
been attained in the Black Hills and the Rocky Mountains. In these 
regions beautiful lakes and rivers hundreds of miles in extent, which 
formerly were either devoid of fish life or inhabited by coarse species 
of little value have been stocked so successfully with brook trout by 
the Bureau of Fisheries that they now constitute its chief source of 
supply for collections of wild eggs of that species. 

In its native haunts, whether in lake or stream, the brook trout is 
always found in clear, cold spring water when it is accessible. When 
freshets occur, it pushes from lakes or rivers into the spring brooks 
of the upper waters, seeking out deep pools and eddies where it can 
lie concealed beneath the shelter of grassy banks or accumulations of 
drift and see without being seen. ‘Throughout its range the brook 
trout spawns in autumn during the falling of the water temperature, 
the season beginning earlier in the north than in southern latitudes. 
In the Colorado region the first eggs are deposited in September and 
sometimes in August, while in New York and New England the sea- 

- son usually begins about the middle of October. Generally speak- 
ing, the spawning period does not last more than three or four weeks, 
though in some parts of the country, where the fish live in a copious 
flow of spring water subject to little change of temperature, it may 
cover three months or more. 
As the spawning time approaches the fish seek suitable gravel beds 

for the deposition of their eggs. Those inhabiting lakes and ponds 
may find suitable nesting spots in those waters, or they may enter 
tributary streams, sometimes pushing long distances up to their head- 
waters. A favored nesting locality in a stream is at the head or the 
foot of a large pool, where the water ripples gently over gravel bars. 
The males usually precede the females, and they frequently have the 
beds well cleaned before the latter appear. The nests are formed 
by working out little depressions in the gravel and scrupulously clear- 
ing them of all sediment. In lakes or ponds such nests are made on 
gravelly shoals or bars where seeping water is present, either in the 
form of springs entering the pond or lakes or water seeping from the 
pond through a porous section of its bottom. 

; 

| | 
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The fish usually pair on the nests, the males fighting viciously for 
the possession of the females. A few eggs are deposited at a time 
by a female and fertilized by the milt which the male simultaneously 
deposits. This process of spawning and impregnation by a pair of 
fishes is repeated many times until all the eggs have been deposited, 
and through the constant working of the fish on the beds the eggs 
become buried in the gravel. After a spawning bed is once occu- 
pied it is hard to drive the fish away, the female, especially, returning 
to it despite all hindrances. A female taken from her nest, marked, 
and placed in the water a mile downstream was found occupying the 
nest the following morning. The males remain on or near the beds 
for some time after the last females have spawned and left. 

CHARACTER OF THE EGGS. 

Brook trout eggs will average about one-sixth of an inch in diame- 
ter, but there is a great variation in the size of eggs taken from fish 
of different localities. Frequently lots are found of which little 
more than 300 eggs are required to make a fluid ounce, while other 
eggs are so small as to measure 700 to the ounce. Fish-culturists 
favor the larger eggs, as it is generally believed that they produce 
stronger and better fish than the smaller ones. The time necessary 
for developing the eggs is dependent on the temperature of the 
water, varying from about 125 days in water at 37° F. to about 50 
days in water at 50° F. 

PROPAGATION. 

The first attempt to artificially propagate trout in America was 
made in Ohio in 1853 with marked success. Further satisfactory 
trials were made in 1855 and 1859 in Connecticut and New York, and 
in 1864 a hatchery was established in New York which carried on 
the work on a large scale. Somewhat later trout propagation was 
taken up by other State authorities and by the Federal Government, 
and it is now extensively conducted in many parts of the country. 

WATER SUPPLY. 

In selecting a location for a trout hatchery the first consideration 
is an ample supply of suitable water so situated with reference to 
the proposed hatchery that it can be brought completely under con- 
trol. In this matter there is a rather wide range of choice. Perhaps 
the very best sources of water supply are deep-seated and well-pro- 
tected springs, lakes of considerable depth, or spring-fed brooks. 

In many instances spring water as it issues from the ground is 
quite unsuited to fish-cultural purposes, and before introducing it 
into the hatchery it should be exposed to the air for the correction of 
possible faults in aeration. Sometimes it may be possible to excavate 
a small, deep pool to form a reservoir, inclosing it to protect the 
water from sunlight, leaves, and débris of various kinds and to pre- 
vent small animals from entering it. Outside the spring house 
should be a ditch deep enough to convey all surface water away from 
the spring into a waste ditch. The inside of the reservoir should be 
protected by a foundation wall of loose masonry, the point above 
the water line being made substantial with mortar, building the 
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house or cover above it, with a suitable overflow cut through the 
side of the masonry to ‘provide an outlet for surplus water. The 
best results are obtained where the supply pipe leading from the 
spring to the hatchery is placed 2 feet or more below the surface of 
the spring and is continued underground at as great a depth as pos- 
sible in order to insure a uniform temperature as it enters the hatch- 
ery. The most favorable temperature is 48° where the water leaves 
the ground, though no harm will result if it varies 3 or 4° either 
way. The entrance to the intake pipe should be covered with a wire 
screen inside the spring house. 

If lake water is selected, the supply should be taken at a short 
distance below the outlet of the lake with rapids intervening if pos- 
sible. The temperature of the water in lakes is influenced by the 
depth, and a deep lake, as a rule, affords water of more uniform tem- 
perature than a shallow one. ‘Such water is generally quite even 
in volume and temperature. It is cold in winter and warms up 
slowly in the spring, assuring a slow normal development of the eggs, 
which is more conducive to the health and vigor of the resulting 
fry than rapid development. 
A water supply obtained from a brook or stream is usually inferior 

to that from a spring or lake by reason of its susceptibility to floods, 
turbidity, and dr oughts, although a brook fed largely by springs may 
to some extent be free from these objections. In cold climates anchor 
ice at the intake is a serious cause of annoyance in connection with 
brook water. If the flow from a spring is not sufficient and lake 
water is not available, it would be advantageous, if possible, to 
have a combination of spring and river or brook water. Water from 
both sources should be brought to the hatchery in such a way as to 
permit of their use either separately or in combination, so that a 
temperature between the maximum of the spring and the minimum 
of exposed water may be maintained during cold weather. Under 
this arrangement the spring water may be utilized to force early 
hatching when desirable and the water from the exposed stream used 
for retarding development. This is a matter of importance in north- 
ern latitudes where the winters are long and cold and the waters 
locked with ice until late April or early May, conditions unfav- 
orable for the distribution of fry. Farther south, where the waters 
remain open all or nearly all of the year, it is not such an essential 
factor. 

Between these different sources of supply there is, of course, a 
great number of gradations. Water from boggy ‘and stagnant 
ponds or marshes is objectionable, for although water of excellent 
quality, capable of bringing out the most vigorous of fish, may 
sometimes be had in such places, yet when not supplied by springs 
it is dependent for its freshness on rainfall, an unreliable source. 
Furthermore, bog water, particularly that from sphagnum bogs, is 
often excessively “acid, and therefore deleterious to trout. 

In some localities a meager flow of spring water may be success- 
fully augmented by artesian wells. The suitability of such water for 
fish-cultural purposes should be determined in advance of exten- 
sive preparations, as water from such wells is frequently lacking in 
certain elements vital to fish life. 
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It is best to select a site for a hatching establishment in time of 
extreme drought, and if there is then an ample supply of pure sweet 
water the first requisite is fulfilled. It is also well to visit the place 
in time of flood, and during severe winter weather if in a cool cli- 
mate, to learn what dangers must be guarded against. The volume 
of water necessary will depend upon its temperature, character as 
to aeration, the facilities existing for its aeration and repeated use, 
and the capacity of the proposed establishment. With water of 
the highest quality, low temperature, and adequate facilities for 
aeration, possibly 3 to 5 gallons per minute, or even less, will be 
sufficient for the incubation of 100,000 eggs. As the temperature 
rises or the facilities for aeration are curtailed a larger volume will 
be necessary. In the case of spring water having a temperature 
ranging between 48 and 52° F., aerated only by exposure in a pool 
and with no facilities in the hatching house for aeration, the amount 
necessary to incubate eggs in a trough of any given dimensions will 
be from 5 to 8 gallons per minute. As the number of eggs in a 
trough will vary from 40,000 to 50,000, or even more, no set rule 
can be applied. The proposition is different with relation to fry. 
A hatching trough 14 to 16 feet long and holding from 25,000 to 
40,000 fry will require 6 to 8 gallons of water per minute. On the 
basis of 100,000 fish it may be figured that the following amounts of 
water will be required: 

Gallons. 
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These amounts are ample and probably even half as much would ~ 
suffice if it were necessary to economize in the use of water. 

If the water supply is drawn from a small brook or spring, it is 
necessary to measure the volume approximately, which is easily 
done. With a wide board 1 inch thick and having a smooth 1-inch 
hole bored through the middle, a tight dam is made across the 
stream so that all the water will have to flow through the hole in 
order to escape. If the water above the board rises just to the top of 
the hole, it indicates a volume of 2.3 gallons per minute. A rise of one 
half inch above the top of the hole indicates a volume of 3.5 gallons 
per minute; a rise of 2 inches, 5 gallons per minute; 13 inches, 12 
gallons per minute. If two 1-inch holes are bored twice the volume 
will be indicated in each case, of course. The quantity of water 
flowing through holes of different sizes is in proportion to the 
squares of their diameters. Thus, a 2-inch hole permits the passage 
of four times as much water as a 1-inch hole. A tube whose length 
is three times its diameter will allow 29 per cent more water to 
pass than a hole of the same diameter through a thin plate or board. 

THE HATCHERY SITE. 

When a satisfactory supply of water has been found, a site that 
affords facilities for creating a head of water to provide the requi- 
site fall into and through the troughs, security against inundation 
and severe freezing, and for general safety and accessibility must be 
selected for the hatchery. The extent of fall from the source of the 
water supply to the hatching house can hardly be too great. The 



1 U. S. BUREAU OF FISHERIES. 

minimum is as low as 8 inches, but only under circumstances in other 
respects extremely favorable will this answer the purpose, and then 
it 1s permissible only where there is an ample supply of aerated 
water, where the hatching troughs are less than standard in length, 
and where there is no danger of inundation. One disadvantage of 
a 8-inch fall is the impracticability of utilizing any form of aerating 
apparatus; another is the necessity of placing the troughs below the 
level of the hatchery floor. This makes the work of attending the 
fish and eggs very laborious. A fall of 1 foot will do fairly well if 
there is entire safety from inundation, as then the troughs may be 
placed on the floor, which is better than below it though still in- 
convenient, and some of the simpler aerating devices can be intro- 
duced. A fall of 8 feet is better, but a 10-foot fall is much better still 
as it permits the placing of the lowest hatching troughs 3 feet above 
the floor and leaves ample room for complete aeration. Everything 
depends upon the volume and character of the water, however, and 
upon its aeration before reaching the hatchery. In a small estab- 
lishment there is no necessity for additional aeration in the building, 
and therefore a 3-foot fall is adequate. 

Inspection of the site during flood season will suggest the safe- 
guards necessary to provide against inundation. If located by the 
side of a brook, the building should not obtrude too much on the 
channel, and below it there should be ample outlet for everything 
that may come in the way of floods or freshets. Often much can be 
done to improve a poor site by clearing out and enlarging a natural 
watercourse. In a cold climate it is an excellent plan to have 
the building partly under ground for greater protection against 
cold. When spring water is used, there is rarely any trouble from 
the formation of ice in the troughs, even in a cold building, but 
in the latitude of the northern tier of States the water from lakes, 
rivers, or brooks is so cold in winter that if the air of the hatchery is 
allowed to remain much below the freezing point ice will form in the 
troughs and on the floor to such an extent as to be a serious annoy- 
ance. In very cold climates stoves are needed to warm the air suffi- 
ciently for the comfort of the attendants, but the building should 
be so located and constructed that it may be left without a fire for 
weeks without any dangerous accumulation of ice, and if the site 
does not permit of building the house partly under ground, the 
walls must be thoroughly constructed and well banked with earth, 
sawdust, or other material. In warmer climates no trouble will be 
experienced from that source. The type of building will, of course, 
be governed by the exigencies of each individual case. The location 
selected, extent and character of the fish-cultural work proposed, and 
the funds available, are all to be considered. The foregoing sug- 
gestions would apply to a small establishment in a more or less re- 
mote section and where strict economy in construction and operation 
are important. 

DAMS. 

The required head of water can often be obtained by throwing 
a dam across a stream and locating the hatchery near by. The dam 
will cause a small pond to form, serving the double purpose of 
aerating and settling the water. Unless the bed and the banks of 
the stream are of such character as to insure safety from under- 
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mining or washing out it is not wise to attempt more than a 2-foot 
head in this way. With any bottom except one of solid ledge there 
is always danger, and washouts are very troublesome and difficult 
to control. Methods of dam construction and the materials used 
must depend on local conditions. Other conditions being equal, a 
concrete dam offers advantages in permanency and low cost of up- 
keep. In any case a spillway to care for flood waters and avoid- 
ance of the danger from washouts mentioned above are important 
considerations. 

If there is a scarcity of water, or if it be desirable for aerating 
or other purposes to secure a considerable fall, it will be advisable 
to construct the dam on higher ground, some distance above the 
building site, where a low dam will suffice to turn the water into 
a conduit in which it may be carried to the hatchery at the desired 
level. A square conduit made of planks, carefully jointed and nailed, 
in nearly all cases is satisfactory and a small one will suffice for an 
ordinary establishment. A thorough coating of hot tar inside 
and out previous to use acts as a preventative of leaks and decay. 
Pipe is generally more desirable than the conduit, and galvanized 
iron is preferable to black. Perhaps the most durable and otherwise 
satisfactory material for a water supply conduit for a permanent 
establishment is wood stave pipe. Such pipe properly installed and 
constantly carrying its full capacity gives satisfactory service for a 
long period of time. It deteriorates when exposed and not full of 
water. 

WATER-SUPPLY INTAKE. 

If the water supply is to be taken from a stream, and a dam 
has been constructed to create the required head, the extension of 
the conduit through the dam is an important point to be observed. 
Unless this is done and the intake end of the conduit is properly 
screened and protected there is bound to be serious trouble from 
clogged or damaged pipes, resulting in the cutting off of the hatchery 
water supply. 
A very satisfactory intake for meeting the conditions mentioned 

consists of a rectangular box of concrete construction of any de- 
sired dimensions to meet the requirements of the case. The up- 
stream face of the dam forms one end of the box, and the shore- 
ward side extends upstream parallel with the bank for 15 to 20 
feet, or any required distance. The upstream end of the box is 
projected into the stream, and the wall forming the remaining side 
is so placed as to present an angle of 20° to the flow of the stream. 
In this position it serves effectively to deflect ice or other drift from 
the screen guarding the entrance to the intake. 

Between the downstream end of the outside wall of the box and 
the dam is a space sufficiently large to permit the free passage of 
water to the intake. This space is protected by a screen consisting 
of a frame of 2 by 4 material of the proper size, in which is inserted 
a grating of ?-inch galvanized pipe spaced 2 inches apart. Inside 
the inclosure thus formed, and midway between the walls, a deflect- 
ing partition extends upstream from the dam to a point some 3 
to 5 feet from the upstream erid of the inclosure. This aperture is 
guarded by a second screen placed at an angle of about 45°, the 
bars being spaced about 1 inch apart. 
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In operation water enters the intake box through the screen in 
the outside wall adjacent to the dam, reverses its flow, passes through 
the inner screen, around the head of the deflecting wall, and thence 
into the supply pipe. An intake box constructed in this manner 
and provided with a cement top, with the necessary openings and 
covers for access to the inner screen and pipe, may be entirely sub- 
merged during flood periods without interrupting the flow of 
water. To insure the greatest efficiency from the pipe line, the 
section entering the intake box should be several sizes larger than 
the main line. Thus, if an 8-inch pipe is used the pipe entering the 
intake box should be 12 or 14 inches and taper to 8 inches in the 
course of the first 8 or 10 feet of its length. The end of the pipe in 
the intake box should be submerged to a depth of at least 18 inches. 

CAPACITY OF WATER PIPES. 

The amount of water conveyed by pipes of various sizes is de- 
pendent on the head of water, length, kind, and quality of pipe 
used, and the manner in which connecting joints are made and the 
pipe is laid. Unavoidable imperfections in the work of installation 
of the water supply in a hatchery make it advisable to allow lberal 
safety factors in applying hydraulic formulas to the work. The 
“head” or “total head,” as applied to the flow of water through 
pipes or other conduits, means the vertical distance from the level 
surface of the water at the source of supply to the center of the 
opening through which the discharge takes place freely in the open 
air. Theoretically and in practice 1t makes no difference, as regards 
the quantity of water discharged, whether the pipe is inclined down- 
ward or upward, provided the total head and the length of pipe 
remain the same. 

The following table indicates approximately the velocity in feet 
per second and the supply delivered in imperial gallons * per minute 
for long pipe lines flowing full: 

Tasie 1.—Velocity in feet per second and supply in gallons per minute, long 
cylindrical pipes flowing full.* 

Head of water divided by length of pipe. 

Diameter of pipe. 1000 
es 6 eT Eel 

Velocity | Supply | Velocity | Supply | Velocity | Supply | Velocity | Supply 
per per er er er per per er 

second. | minute. | second. | minute. | second. | minute. | second. | minute. 

Feet. Gallons. Feet. Gallons. Feet. Gallons. Feet. Gallons. 
4.26 8.29 Ads ue 15.65 2Zinches..........-..- 0.522 1.02 1.37 17 92 

Zeainches =. e420. - sack . 600 7.64 1.16 14.76 1.56 19. 85 2.18 27.75 
Burichese sno eee .670 12. 30 1.29 23. 64 1.73 31.73 2.41 44, 29 
Asimehest 24 Vo ee . 798 26. 03 1.52 49. 63 2. 04 66. 46 2.83 92. 51 
Rinchesea-¢ 222 say5e 911 46. 48 1.73 88.14 2.31] 117.80 Spal 163. 69 
Ganehesse sees aeree 1.02 74. 64 1.92] 140.83 2.56 | 187.95 3.55 260. 81 
TAMCHES See. ee EAA 1.11 111.09 2.09) 209.22 2.79 | 278.90 3.87 386. 57 
Sinches. 2. 25.5.88%: 1.20 156. 92 2.26 | 294.70 3.01 | 392.46 4.16 543. 49 
Tinchess says eceaee 1.29 212. 71 2.41 | 398.58 3.21 | 530.36 4,44 733. 83 
10 inches...........-- 1.37 279.16 2.56 | 522.08 3.40 | 694. 24 4.71 959. 88 

« Pocket-Book of Useful Formule and Memoranda for Civil and Mechanical Engineers. 
By Sir Guilford L. Molesworth. 23d edition. Page 285. E. and F. N. Spon. London. 

3 Imperial British gallon, 277.274 cubic inches; American gallon, 231 cubic inches. 

, 2 
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Taste 1.—Velocity in feet per second and supply in gallons per minute, long 
; cylindrical pipes flowing full—Continued. 

Head of water divided by length of pipe. 

:s 3 5) us 
Diameter of pipe. 100 100 100 100 

Velocity | Supply | Velocity | Supply | Velocity | Supply | Velocity | Supply 
per per per per per per per per 

second. | minute. | second. | minute. | second. | minute. | second. | minute. 

Feet. | Gallons.| Feet. | Gallons.| Feet. | Gallons.| Feet. | Gallons. 
BANCHOS 5 oes ce sana a 2. 04 16.61 3.76 30. 72 4.99 40. 67 6. 86 56. OL 
MH inches 295.2353 = 2.31 29.45 4,26 54.35 5. 63 71.79 7. 74 98. 73 
Sinches2.sse-e shee. 2.56 46.99 4.71 86. 39 6. 22 114.15 8.54 155. 85 
AINCHOS. case eee eee ee 3.01 98. 60 5. 51 179. 73 Stara 237.17 9.97 325, 41 
OS INCHES Seg se ae 2s 3.40 173. 70 6.22 317. 08 8.2 418. 02 11. 24 572. 99 
Ginches: 22422: 3-2: 3.76 277.10 6. 86 504. 05 9.04 663. 96 12. 38 909. 42 
WCRES Sass oie ose. > 4.09 408. 45 7.50 749. 83 9.82 981. 68 13.44 | 1,343.7 
SIneuesns-- os5----- =~ 4.41 575. 83 8.02 | 1,046.8 10.55 | 1,377.3 14.43 | 1,884.3 
OQ inches /222<).|-()-25'--% 4.71 777. 50 8.54 | 1,411.6 11.24 | 1,856.4 15.35 | 2,538.6 
Winches! 2-~ =~... + 4.99 | 1,016.9 9.04 | 1,844.3 11.89 | 2,424.5 16.25 | 3,314.2 

Head of water divided by length of pipe. 

By 9 1 5 

Diameter of pipe. 10 10 10 10 

Velocity | Supply | Velocity | Supply | Velocity | Supply | Velocity | Supply 
per per per per per per per per 

second. | minute. | second. | minute. | second. | minute. | second. | minute. 

Feet. Gallons. Feet. Gallons. Fect. Gallons. Feet. Gallons. 
2inches..........--- dey iy TdF 50.29 13.10] 106.64 17.18 | 140.18 23. 43 191. 16 
Minches..........--. 8.20} 104.50 14.75 | 188.42 19.33] 246. 46 26. 34 335. 86 
Samehesin, 226. fs: 50 9.04 | 165.99 16.25 | 298.28 21.28 | 390.73 28. 99 532. 18 
inches ee: 10.55 | 344.23 18.92| 617.47 24.76 | 808.21 33.70 | 1,099.9 
Bandhes=.86. 5125-0 11.89 | 606.13 21.28 | 1,085.4 27.81 | 1,419.8 37.87 | 1,931.1 
Ganges. 8-5. 13.10 | 959.72 23.43 | 1,720.4 30.63 | 2,248.9 41.65 | 3,058.2 
Tinches 8 14.22 | 1, 421.2 25.41 | 2) 539.4 33.21 | 3,319.2 45.13 | 4,510.7 
Gili 2 2-= >... 15.26 | 1,992.7 27.25 | 3, 557.6 35.60 | 4,647.9 48.38 | 6,315.4 
Qinches.......--- “...| 16.25 | 2,684.5 28.99 | 4,789.7 37.87 | 6, 256.8 51.44 | 8,499.2 
10inches............- 17.18 | 3,504.5 30.63 | 6,246.9 40.01 | 8,161.0 54.33 | 11, 081.3 

In using these tables divide the head of water by the length of pipe. 
Example: Required the flow of water in a 5-inch pipe 200 feet long 
under a 10-foot head. 10~200=.05. Referring to the table, under 
5/100, it is seen that under these conditions a 5-inch pipe affords a 
velocity of 8.2 feet per second and supplies 418.02 gallons per minute. 
A square conduit conveys approximately 25 per cent more water 

than a cylindrical pipe of the same diameter under similar condi- 
tions. Excepting in very unusual circumstances, a pipe less than 
3 inches in diameter should not be used. Avoid sharp bends and 
the use of fittings as far as possible in laying the pipe line, as they 
tend by friction to reduce the flow of water. Forty-five-degree 
fittings are better than 90° fittings, but bending the pipe is most 
satisfactory. Pipes up to 6 inches in diameter and sometimes 
larger usually can be bent after heating. Abrupt bends in large 
pipe will require flanged joints. 

If the water completely fills the conduit, air will be shut out 
entirely, while if the conduit is larger the quality of the water may 
be improved by aeration before it reaches the hatchery. If wood 

61976°—23——_2 
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stave pipe is used, however, it should carry its full capacity of 
water, as otherwise it deteriorates rapidly. 

In installing a long pipe line the expense involved in carrying 
it at an even grade over depressions or through high places is fre- 
quently excessive, and it is usually better to follow the general 
contour of the land over which the pipe is laid. This method, 
however, has the disadvantage of reducing the flow of water through 
increasing the length of the pipe. There is also danger of “air 
pockets” forming at the highest points in such a line, greatly reducing 
or even entirely cutting off the flow of water. To guard against 
such a contingency, vent cocks should be placed at ‘all such high 
points. 

AERATION. 

Fishes, like all animals, require an abundant amount of air— 
oxygen—for their well-being. Unlike land animals, however, they 
do not obtain their supply of oxygen directly from the atmosphere, 
but it is absorbed from the water passing over their gills, organs per- 
forming a function similar to that of the lungs of land animals. It is 
obvious, therefore, that water suitable for the maintenance of fishes 
must carry in solution a sufficient amount of gaseous oxygen to meet 
the requirements of the fishes in this respect. Water from springs, 
wells, or sometimes deep lakes is quite deficient in this vital require- 
ment, or such water may contain an excess amount of air or gases 
inimical to fish hfe. The remedy in either instance is the same— 
intimate contact with the atmosphere. Water readily absorbs 
oxygen whenever it comes in contact with the atmosphere, and by 
the same process it readily gives off any surplus oxygen or other 
gases that it may contain. The necessity for ample aeration of the 
water to be used in a hatching house has already been mentioned 
as a consideration of first importance, and some of the devices by 
which it is accomplished have been alluded to. 
Water from a brook or stream that has been torn to frotn by 

dashing down a steep stream bed will be saturated with the life- 
giving oxygen, but such water, after supplying 16 to 48 feet of 
hatching trough space, will have lost a part of its oxygen and will 
need further aeration before it enters another series of troughs. 
As mentioned above, water from other sources may be entirely 
deficient in this respect, and it is therefore desirable to resort to all 
practicable means for the correction of such possible faults in the 
water supply. 

If the hatchery site commands a fall of 5 feet or more, suitable 
aeration may be accomplished by a series of miniature riffles in the 
conduit outside the building. The broader and thinner the sheet of 
water provided the more thoroughly will it be exposed to the air. 
If it must fall through the air instead of flowing down the face of 
a perpendicular board, both surfaces of the sheet of water will be 
exposed to the air, thus doubling the effect. When circumstances 
permit, it is best to aerate in the conduit, which, as already sug- 
gested, should be made wide and open for that purpose. 

If sufficient aeration can not be accomplished outside the building, 
much may still be done as the water enters. While an open water 
supply trough in the hatchery is somewhat unsightly perhaps, it has 
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advantages for aeration over a closed pipe. Forahatchery containing 
20 hatching troughs a supply trough 10 inches wide by 10 inches deep, 
inside measurements, will carry sufficient water. As it enters this in- 
side supply trough from the main conduit the water should have as 
great a fall as possible, and anumber of rifflesthroughout its length will 
aid aeration further. The hatching troughs should, if possible, be 
set some 6 inches lower than and 3 to 4 inches distant from the 
supply trough. A satisfactory method of regulating the flow of 
water to the hatching troughs is by means of a 2-inch brass-faced 
molasses gate, set about 3 inches above the bottom of the supply 
trough. ‘The horizontal screens and blocks on which the water falls 
as it leaves the supply trough, mentioned in connection with the 
propagation of rainbow trout, are recommended. The same results 
may be obtained by causing the water to pass through a pan (a 
6-quart size is satisfactory) with a perforated bottom before entering 
the hatching trough or through a series of such pans in a rack one 
above the other, spaced a few inches apart. In cases where the 
water from a hatching trough is used again in troughs at a lower 

~level one of these or a similar device is desirable. 
In most instances, temperature and other conditions being equal, 

the more perfect the aeration the smaller the volume of water re- 
quired, and, conversely, the greater the volume the less aeration is 
needed. In any event exposure to the atmosphere under the condi- 
tions mentioned ean not result harmfully, and it may be very bene- 
ficial to water from any source intended for fish-cultural purposes. 
The use of all practicable means of aeration is recommended. 

HATCHERY EQUIPMENT. 

The troughs and other equipment used in the incubation of trout 
eggs vary considerably as to dimensions. All of the various kinds 
in general use have meritorious features, and in many instances they 
were designed to meet peculiar local requirements. The general 
principle in each case remains the same. The eggs are placed on 
trays or in baskets which are installed in the troughs and supplied 
with a free circulation of water. 

The standard trough used at stations of the Bureau of Fisheries 
is 14 feet long, 14 inches wide, and 8 inches deep inside. It is con- 
structed of white pine, cedar, or cypress, from 1 to 2 inches thick 
(usually 12 inches) and is coated inside with asphaltum. Hatching 
troughs are usually arranged in pairs with aisles between, and, when 
desirable, the water may be passed through two or more series of 
troughs standing on different levels. 

Each hatching trough is usually divided by galvanized iron dams 
into compartments large enough to accommodate the particular type 
of egg tray or basket in use. The dams are arranged in such a man- 
ner as to cause the water to flow over the dam at the head of the com- 
partment, under the succeeding dam, then up through the trays or 
basket of eggs, and so on throughout the length of the trough. By 
placing the trays or baskets alternately, the first against the upper 
dam, the succeeding one close to the lower, and so on, all of the water 
7 forced up through the eggs and utilized instead of passing around 
them. 
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The trays more generally used consist of frames 16 inches long by 
14 inches wide, made of pine strips 1 inch by 4 inch. To these frames 
galvanized wire cloth of an oblong mesh is fastened. The cloth is 
usually woven 8 threads to the inch, with a mesh seven-eighths inch 
long, galvanized after weaving, although it is gauged to retain the 
eggs and permit the newly hatched fry to fall through. 

While the basket method was devised to meet adverse conditions 
at some of the Federal fish hatcheries and at such stations is con- 
sidered to have meritorious features commending it for general 
adoption, many fish-culturists prefer the tray system, while still 
others use from choice the Clark hatching box, which insures a good 
water circulation. Perhaps the most compact and economical 
method is found in the Williamson trough, which has compartments 
divided by galvanized iron partitions as described in this article. 
From 8 to 14 trays are placed in each compartment, according to 
the depth of the trough. The flow of water is always up through 
the stack of eggs, which are held down in the compartment by a 
crossbar or binder. ‘To facilitate their removal from the trough, a 
strap made of 28-gauge galvanized iron and having wooden handles 
on each end is placed around the stack of trays. This also serves to 
hold the trays together and prevents the escape of the fry, which 
would occur if the trays were lifted out singly. The troughs de- 
scribed in the section on rainbow trout, with trays 28 inches long, 
may be very successfully used in brook-trout culture. The eggs on 
such trays are always under the immediate observation of the fish- 
culturist, and dead eggs are easily discernible." 

FIELD OPERATIONS.® 

While a very large percentage of the brook-trout eggs handled in 
fish culture is obtained from domesticated fish, the bureau still op- 
erates a number of profitable field stations where eggs are obtained 
from wild fish. Where natural spawning on a sufficiently large 
scale to make the gathering of wild eggs profitable occurs within 
reasonable distance of a hatchery, it is customary to establish tem- 
porary stations in the immediate vicinity of the spawning grounds. 
After taking and developing the eggs to a point where they will bear 
transportation they are shipped to the central station to be hatched. 
In certain instances green eggs may be shipped for a considerable 
distance without serious loss, though whenever practicable it is de- 
sirable to develop them to the eyed stage before subjecting them to a 
long journey. Brook trout work of this character is extensively 
conducted in Colorado, Utah, Wyoming, and Vermont. 

If lakes or ponds constitute the spawning grounds, their bottoms 
must be cleared for seining operations. Where the lakes are arti- 
ficial and retaining dams have been built, the water usually may be 
drawn and the fish collected easily. However, this process may in- 
volve the carrying away of most of the natural food contained in the 

4 Artificial Propagation of Whitefish, Lake Trout, and Grayling. By G. C. Leach, 
assistant in charge of fish culture. Appendix III to the Report of U. 8. Commissioner 
of Fisheries for 1928. Bureau of Fisheries Document 949. 

‘Notes on the capture of wild brook trout and collection of their eggs were contributed 
se “i H. Dinsmore, superintendent of the St. Johnsbury (Vt.) station of the Bureau of 
Misheries. 
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ponds, making artificial feeding necessary for the maintenance of the 
stock. 

The capture of the brood fish is greatly facilitated where they 
enter tributary streams at or before the spawning season. Such 
migrations are very common in lakes and ponds having reasonably 
large inlets whose sources are at some distance, especially if they are 
subject to frequent increase in flow from rains. Such conditions 
often are met in the east and north. Here the fish may leave their 
common habitat as soon as high summer temperatures prevail or when 
the streams are affected by heavy showers or protracted rains. A 
larger movement usually will occur during periods of heavy rains in 
the fall, immediately before or a few weeks in advance of the spawn- 
ing season. As it is not desirable to retain the brood fish in close 
quarters longer than is absolutely necessary, the tributary streams 
may be kept closed by racks during the early summer, thus prevent- 
ing their ascent until near the approach of the spawning season. At. 
that time traps are installed in the streams in which the fish are 
known to spawn. 

TRAPS. 

The general principles of trap construction for the capture of 
trout and salmon are identical, though the details, which are simpler 
in the case of trout because of the smaller sizes of the streams op- 
erated, must necessarily vary in each individual instance. The suc- 
cessful operation of a trap depends largely upon the ingenuity of the 
builder in so locating it that the fish will lead in rapidly and not 
escape easily through the entrance. 

The simplest form of trap is built in the stream. It consists of a 
framework of poles or timbers supported by stakes driven in the 
bed or, if the foundation is of such coarse rocks as to preclude flood 

_ shifting, by means of three-legged horses weighted with stones. To 
these frames 1l-inch square pickets are nailed sufficiently close to- 
gether to prevent the passage of any fish it is desired to retain. 
Before nailing the pickets should be driven as deeply into the stream 
bed as its character will permit and must project 2 feet or more 
above high-water mark, so that the fish can not leap them. To form 
the entrance or lead, a rack is run from either bank diagonally up- 
stream to a point in mid channel to form a V, with an opening at its 
apex large enough to permit the fish to enter. A rack of similar 
material crossing the stream in a straight line a short distance above 
the lead racks completes the pound. If the stream is large, how- 
ever, the capture of the fish can be facilitated by running side racks 
from either lead rack at a point well above the apex of the V to the 
cross rack above, thus forming a pound in the shape of a reentering 
polygon. For greater convenience in sorting and handling the fish 
several retaining pens of similar material are frequently built above 
the rack. 
A trout trap which has been successfully operated at stations of 

the Bureau of Fisheries for many years is built in the lower sec- 
tion of a retaining raceway through which the normal flow of the 
stream is diverted. From this raceway trap at the point where the 
water is returned to the stream the main channel is closed by a 
rack which extends to a point somewhat lower downstream on the 
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opposite side to give greater rack surface. It is well to operate 
a somewhat coarser rack than that required to stop the small trout 
at a suitable point above where floating leaves and other débris 
may be stopped and removed, thus reducing the liability of the 
trap racks to dam up and undermine. The location selected for 
the trap is very important. Other conditions being favorable, it 
should be placed as near the mouth of the stream as the character of 
the banks will permit with the V-shaped entrance lead toward 
deepening water. 

The fish run most freely on dark, rainy nights when the stream is 
rising, but during the spawning season ripe fish will enter night 
after night in times of normal stream flow. The majority of the 
fish are usually taken while one or two heavy rains are bringing the 
streams to flood stage. At such times it is necessary that the attend- 
ant have an assistant to keep the racks free from débris, as the 
fish often enter the trap as fast as one person can readily transfer 
them with a large dip net from trap to pens. Not infrequently 
as many as 1,000 to 3,000 fish are taken in a night. If ample 
rains are lacking at the height of the spawning season and the 
water is very low, only a few fish will ascend to the traps, and 
the ege collections will be relatively small unless the fish can be 
taken by seining the lower stretches of the stream. An abundance 
of rain late in the season will have little influence in bringing 
spawning fish to the traps. . . 
A comfortable cabin in close proximity to the traps is a necessity, 

as the constant care of the racks and the work of guarding the fish 
against predacious animals and malicious persons often subject 
the attendants to great hardships during inclement weather. 

TAKING THE SPAWN. 

When the fish are running briskly, no attempt is made to separate 
them, but as soon as the run slackens they are carefully assorted and 
segregated in pens according to their degrees of ripeness. This saves 
much time and possible injury to the fish through constant handling 
for the purpose of ascertaining their spawning condition. A per- 
centage is kept of the ripe fish taken from each pen so that the proper 
time for handling those in the various inclosures may be determined. 
It is sometimes necessary to examine every day or every other day 
the fish that appear to be nearly ripe and others from once to twice 
a week. 

Eggs are not ripe enough to be taken until they flow readily under 
very slight pressure. In some instances a fish may by muscular con- 
traction retain its eggs for a few seconds, deceiving the spawn taker 
for the moment, but if the eggs are ripe they will begin to flow as 
soon as the muscles relax. 

The eggs are taken in pans or other metal vessels which have been 
thinly coated with asphaltum to prevent rust or in receptacles made 
of pressed fiber, the advantage of the latter being that they do not 
require painting and do not transmit cold as readily as the metal 
vessels. Just before the eggs are taken the vessel is dipped into cold 
water and drained. 

The spawn taker holds the fish as firmly and gently as possible at 
such an angle as will cause the ripe eggs to flow naturally toward the 
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vent. With the thumb and forefinger he then gently presses out the 
egos, beginning the pressure just forward of the vent. The hand is 
then moved forward toward the head of the fish, and further gentle 
pressure is applied as necessary to assist the natural flow of eggs 
until all that will come freely from the fish are obtained. Pressure 
should never be applied forward of the ventral fins, as even slight 
pressure applied over the vital organs is very apt to result in injury 
to the fish. The above seems to be the logical and rational method of 
spawn taking, as the egs nearest the vent are taken first, leaving a 
clear passage for those that follow. 

As the eggs fall into the dampened vessel milt is immediately 
applied, being obtained by the manipulation of the male fish in a 
similar manner. The next step is to add enough water to cover the 
eggs and agitate the vessel sufficiently to thoroughly mix eggs and 
milt, or a feather may be used to effect the mixing prior to the in- 
troduction of water. The excess milt is then almost immediately 
discarded by adding and pouring off water until it becomes clear, 
when the vessel is half filled with clean water and is protected from 
temperature changes by placing it in running water or inside of a 
larger vessel of water. It is then left entirely unmolested until the 
adhering stage has passed and the eggs separate, the time required for 
separation being from 30 to 60 minutes, according to the temperature. 
Some spawn takers consider it advisable to delay washing the eggs 
until after separation occurs, while others use no water at all until 
that stage is reached. In general practice, however, the method 
herein described is most satisfactory. If the eggs remain in the 
vessel long after separation, the water must be changed frequently. 

The work of spawn taking should be done only by thoroughly ex- 
perienced persons. While the test of efficiency along this line is fre- 
quently based on the percentage of fertile eggs obtained, the numbers 
of fish stripped and not injured is a point of equal importance. 
Proper methods of spawn taking carefully applied will result in no 
injury to the adult fish, either females or males; but unless the 
spawn taker understands something of the anatomy of the fish and 
exercises the utmost care serious, if not fatal, injuries are very likely 
to be inflicted. Some of the more common mistakes made by spawn 
takers in handling fish during the egg-taking process are mentioned 
below: 

Grasping the fish by the tail and holding it head downward while 
it struggles violently, or similar handling in a dip net. Such treat- 
ment is very apt to result in rupture of the delicate ova-containing 
membrane, causing the eggs to fall into the abdominal cavity, from 
which they can not be extruded. An injury of this nature may 
result in barrenness or even death. The proper method of remoy- 
ing a fish from the water is described under the section on rainbow 
trout. f 

After stripping a fish spawn takers sometimes throw it from a dis- 
tance into the retaining inclosure or pond. This procedure is so ob- 
viously wrong that it should need no comment. Perhaps the most 
common cause of injury in spawntaking is the practice of certain 
spawntakers of squeezing the fish several times, beginning well for- 
ward near the gill opening, until blood and fecal matter are ex- 
truded, in order that every egg may be secured. This is sure to re- 
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sult in expressing some immature eggs that are incapable of more 
than imperfect fertilization, and it is very lable to injure the 
ovaries or other organs of the fish. The eggs in the ovaries of a 
trout do not all ripen at the same time. Those in the posterior end 
mature first, and it is good practice in all cases to take only such 
eggs as come freely from the fish by very gentle pressure, which 
should extend very little, if at all, forward of the ventral fins. In 

some instances it may be desirable to retain the fish for a second 
stripping a few days later. 
Eggs taken in close proximity to a regularly established hatchery 

may, of course, be transferred there immediately for development, 
but when secured at distant field stations it is necessary to hold 
them at the point of collection until they reach the eyed stage, as 
green trout eggs are so tender that they rarely can be subjected with 
impunity to the rough treatment incidental to a long journey. 

As a rule, an eyeing station consists of a small building equipped 
with a number of troughs patterned after the standard hatching 
trough described elsewhere. A gravity water supply should be 
provided and, where it is available, spring water of a volume not 
seriously affected by the falling temperature of late autumn _ is 
selected for this partial development work, as such a supply in- 
sures the rapid advancement of the eggs, making it possible to ship 
them to the main hatchery before the beginning of winter. 

The troughs and equipment should be standard size. Trays 14 
by 16 or 14 by 28 inches, as described, are satisfactory. In cases 
where the eggs are to be incubated and the fry held in a limited space 
until ready for planting, trays covered with wire cloth 14 to 16 
meshes to the inch, as described on page 28, are useful. 

As manv as eight trays may be stacked in a trough compart- 
ment, one compartment being reserved for the reception of trays 
from the other compartments when the eggs are picked over and 
cleaned. As the trays of eggs are picked over one by one they are 
transferred to the empty space in the trough, and each compartment 
emptied becomes in turn the depositing place for another stack 
of trays until all occupy new space. Four small blocks one-half 
inch in thickness are tacked to the rough bottom in the corners of 

each compartment on which the trays rest, thus permitting a flow of 
water underneath. 
When the eggs are brought in from the stripping place, they are 

measured in a tin cup or glass graduate, the capacity of which has 
been established by count, and are then placed on the trays. As each 
tray is filled it is gently settled in place in one of the compartments. 
When there is an ample amount of water, as great a quantity is 

admitted into each trough as will flow through the eggs without dis- 

turbing them, but in case of a limited supply the eggs may be carried 

to the eyed stage in good condition with a flow of not over 23 gallons 
per minute to a trough of 200,000. 

During the early stages of incubation the eggs should be handled 

as little as possible, but in order to prevent the development of 

fungus it will be necessary to pick them over at intervals, removing 

all white eggs and those that are known to be dead. The lengths of 

these intervals can be determined only by close observation, as the 

necessity for frequent picking will be governed largely by the vary- 
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ing conditions of the water supply. However, they should be care- 
fully gone over at least once a week. One attendant at a field station 
can care for a million eggs unless the percentage of fertilization is 
excessively low. 

Trout eggs are extremely sensitive to shock during the period ex- 
tending from two to four days after they have been laid down in the 
hatchery up to the time when the eyes of the developing embryo are 
discernible to the unaided eye, and any movement of the trays of eggs 
at this stage is liable to result in heavy loss. The exact length of this 
period is dependent on the water temperature. It is known to fish- 
culturists as the “ tender stage,” and until it is past it is advisable 
to leave the eggs undisturbed so far as possible. If it becomes nec- 
essary to remove dead eggs to prevent the spread of fungus, as in- 
dicated above, it should be done with the utmost care. 

PACKING THE EGGS FOR SHIPMENT. 

At the proper stage of development the eggs may be transported 
for long distances without material loss if skillfully packed. Cases 
of a great variety of shapes and sizes with an equal variation in 
the styles of trays and the methods of insulation have been used. 
The essential requirements for the successful transportation of trout 
eggs are, (1) a package so insulated that it will preserve a uniformly 
low temperature on the eggs; (2) protection from undue jars or 
shocks; (3) the maintenance to the end of the journey of a rea- 
sonable amount of moisture. Any package that will accomplish all of 
these things may be considered fairly satisfactory, although as such 
shipments are usually sent by express the weight of the package 
also becomes an important item. In this way the so-called bulk 
method of packing trout eggs is more economical than the use of 
trays, and for shipments involving not more than 48 hours’ time it 
may be satisfactorily applied in most cases to the transfer of eyed 
eggs from the collecting fields to the main hatcheries. For journeys 
of longer duration the mode of packing described on page 25 is 
preferable. 

As regards the bulk method, the size of the case will depend upon 
the number of eggs to be shipped. The case consists of one or more 
inner boxes for eggs and an outer box of sufficient size to hold them 
and allow 4 inches of space all around for packing. The inner 
boxes are made of one-half-inch lumber with the bottoms left partially 
open to permit the surplus water to drain off and to allow for swelling 
of the lumber when wet. An egg box 12 by 15 inches and 4 inches 
deep will carry from 80,000 to 100,000 eggs, the actual number 
depending on their size. Three of these boxes packed in a single 
case, sauhan fe approximately 300,000 eggs, will weigh about 125 
pounds. 

While a great variety of materials, including leaves, straw, saw- 
dust, shavings, etc., have been used as an insulating medium in pack- 
ing fish eggs for shipment, probably nothing superior to sphagnum 
moss for the purpose has been found. When saturated with water, 
it retains the moisture for a long time and is thus valuable for use 
on the egg trays or boxes. When dry, it packs closely around the 
egg trays and is a most excellent nonconductor of heat or cold. Fur- 
ther, it has not the tendency to “ heat ” that certain other materials 
possess. 



94 U. S. BUREAU OF FISHERIES. 

Brook-trout eggs are in condition to bear transportation as soon 
as the eyes of the embryo are visible. Before packing the eggs for 
shipment they are thoroughly washed. This is accomplished by 
removing them from the trays to a tub of water and introducing a 
stream of water among them with sufficient force to slightly agitate 
them for several minutes. This treatment not only removes all 
sediment from the eggs, but it causes all infertile eges to change 
color, thereby facilitating their removal. Unless this is done a con- 
siderable number of infertile eggs is likely to be included in the 
shipment, as such eggs will frequently retain the color and general 
appearance of good eggs for a long period. The same results may 
be attained by passing a feather brush among them. After washing, 
the eggs are again placed in a tub of water, the temperature of which 
is very gradually reduced several degrees. 

The bottom of an egg box is covered to a depth of one-half inch 
with sphagnum moss freshly wrung from ice water. A. mosquito 
netting large enough to fold in from the sides and ends, entirely cov- 
cring the eggs, is laid over the moss. The water is drained from the 
eges and the required number placed in the box. In folding the 
netting over them it is drawn in a little from the sides and ends of 
the box and a thin layer of moss is tucked around to prevent the 
eggs from coming in contact with the wood. The box is next filled 
with moss, so that when closed by the cover the eggs will be retained 
in place should the case receive rough handling en route. If more 
than one box is used they are stacked and cleated one above another 
and only one cover is used, the bottoms of the upper boxes forming 
the covers of the ones below. Dry moss to a depth of 4 inches is 
placed on the bottom of the outer case, the stack of egg boxes in- 
stalled, and the remaining spaces tamped tightly with dry moss to 
keep the stack in place and to provide the necessary insulation against 
temperature changes. For short distances no ice is necessary, pro- 
vided the eggs, moss, and netting used in the inner boxes are near 
the freezing point when the packing is done. If the weather will 
permit, the egg boxes may advantageously be left in a freezing tem- 
perature until the moss stiffens slightly before placing them in the 
outer case or a quantity of snow or grated ice may be sprinkled over 
them. In most instances an ice hopper is desirable, and this is made 
to occupy the 4-inch space immediately over the egg boxes, forming 
the cover of the upper box of eggs. Where ice in any form is used 
in the package ample drainage through the bottom of the box must 
be provided. 

Brook-trout eggs have been shipped successfully to many foreign 
countries. For shipments of this nature, where the eggs will be in 
transit for an unusually long period and will require replenishing 
of the ice chambers and possibly the removal of dead eggs, a more 
elaborate case is necessary. A so-called refrigerator case has been 
used with good results in making foreign shipments.® A case simi- 
lar to this in some respects but more compact and of less weight has 
recently been designed by G. C. Leach, assistant in charge of the 
division of fish culture, United States Bureau of Fisheries, and has 
been successfully used in European shipments. Figure 17, page 53. 

6 Artificial Propagation of the Salmons of the Pacific Coast. By Henry O'Malley. Ap- 
pendix II to the Report of the U, S. Commissioner of Fisheries for 1919. Bureau cf 
Fisheries Document No. 879, pp. 26-28. 
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This case is 2 feet 4 inches square by 1 foot 7 inches deep, outside 
measure. It has double walls and bottom made of 1-inch lumber, 
and the 2-inch space between is filled with dry sphagnum moss or . 
granulated cork, closely tamped. Two cleats are fastened to the bot- 
tom to give free vent to the iron drain tube, which extends through 
the insulation to the egg compartment as shown. The case has 
handles for convenience in moving and is closed by a hinged cover. 
The inside walls and bottom are lined with galvanized sheet iron 
to exclude moisture from the insulating medium as far as possible. 
After the lining is in place, two cleats 1 inch in thickness and 24 
inches wide are fastened to each inner wall of the case, eight in all, 
as shown in the cut. These cleats extend from the bottom to with- 
in 4 inches of the top and to them is fastened galvanized iron wire 
screen of 4-inch mesh, thus forming a space about 24 inches wide ex- 
tending from the bottom of the case to within 4 inches of the top be- 
tween the galvanized iron lining and the wire mesh, which is filled 
with chopped ice when the case is in use. Thin strips of wood are 
tacked over the wire mesh at the points of contact with the cleats. 
These serve to hold the wire mesh in place and facilitate the plac- 
ing or the removal of the egg trays. 

The remaining space in the center of the case is devoted to the egg 
trays. These are frames 14 inches square, made of five-eighth by 
three-eighth inch strips halved together at the corners and covered 
with linen scrim firmly stretched and securely tacked to the frames. 
The space provided will accommodate 15 such trays, leaving a space 
of 4 inches above for an ice tray. This is of galvanized iron 21 inches 
square by 4 meshes deep and occupies the entire space above the ice 
chambers and egg trays. The bottom of this tray has a double row 
of one-eighth inch perforations along each side, permitting drainage 
from melting ice down through the ice chambers and not over the egg 
trays. To the bottom of the egg tray compartment are fastened 
half-inch cleats, which hold the egg trays that distance from the bot- 
tom. The trays are intended to carry eggs in a double layer, and 
the case has a capacity for between 150,000 and 160,000 brook trout 
eggs, or more, according to their size. 

TRANSPORTATION OF GREEN EGGS. 

While the transportation of green trout eggs can not be recom- 
mended, it is sometimes necessary, and with great care it can be ac- 
complished successfully provided the shipping destination is not more 
than 48 hours distant. The eggs should not be packed until they are 
thoroughly water-hardened, which will be within a few hours after 
stripping if they are maintained at a temperature of 48 to 55° F. 
Moderate success has been attained in shipping young eggs on trays, 
but ordinary fruit jars are probably best adapted to the purpose, 
and this is the form of container in general use. The jars are first 
filled with water and the eggs are poured in gently in sufficient quan- 
tity to replace about three-fourths of it. They are then sealed and 
packed in dry moss to guard against changes in temperature. 
A satisfactory method of shipping green brook-trout eggs has been 

developed at the Rocky Mountain trout stations of the bureau. This 
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method involves the use of a case of suitable size, with the usual pro- 
vision for insulation and ice-hopper. The trays are divided into 
compartments or pockets 2 to 4 inches deep into which the eggs, 
wrapped in cheesecloth or mosquito bar, are placed. The dimen- 
sions of this type of case used at the Leadville (Colo.) station are 
153 by 22 by 133 inches deep, outside measure. Each case contains 
four trays 84 by 194 inches and 24 inches deep. These are divided 
by cross partitions into three pockets 6 by 73 inches, with an ice 
hopper 11 by 19$ inches and 24 inches deep. Such a case will 
carry from 100,000 to 150,000 eggs. 

The superintendent of the Springville (Utah) station has de- 
scribed a method of packing the green eggs as follows: 

In putting the eggs on the hatching trays at the field station a 2-quart dip- 
per is filled with water and over it is laid a piece of mosquito netting or cheese- 
cloth about 18 inches square. Into this a measured lot of eggs—enough to fill 
one pocket in the shipping tray, between 20 and 380 ounces—is poured. The 
cloth is then lifted by the four corners and deposited, with the eggs, on the 
hatching tray. Here they remain until the time for shipment arrives. In ship- 
ping, wet moss is first placed on the bottom of each pocket, the shipping tray 
is submerged in water, and the eggs are lifted from the hatching tray as de- 
scribed and deposited thereon, a light layer of moss being placed on top. If 
desirable, the eggs may be shipped as soon as ‘‘ water hardening ” is completed. 

INCUBATION OF THE EGGS. 

When eggs are received from a collecting station or other source, 
their temperature is compared with that of the water in the hatch- 
ery, and before installing them in the troughs any wide difference 
is equalized by slowly adding and pouring off the hatchery water 
in small amounts. A quantity of the eggs, sufficient to register at 
the 32-ounce mark, is poured into a graduate full of water. The 
eggs are settled together by shaking the graduate, and enough are 
added to make up the deficiency thus caused. One such measure 
is placed on each tray, and any remainder is put into another tray 
to comprise a broken lot. As soon as it is convenient to count 32 
fluid ounces of the eggs and ascertain the number contained in each 
tray, those in the broken lot are drawn upon and counted into the 
separate trays until the count of each is the even number decided 
upon for a tray unit. Owing to variation in the size of the eggs 
this may be any number from 10,000 to 15,000. 

The incubation of the eggs beyond the eyed stage does not differ 
materially from the eying process. While the equipment at dif- 
ferent stations varies somewhat to meet local conditions, the general 
principles of the work are the same. From this time on the care 
of the eggs consists in removing the dead ones and keeping the good 
ones free of silt, which is dislodged by raising the tray slightly and 
settling it back into place. In the event that the eggs become very 
dirty they may be removed from the trays or baskets, cleaned as 
described on page 24, and then returned to the trays. The fry are 
hatched in the troughs in which the eggs are incubated and are 
retained there until ready for distribution. The original number 
of eggs in each receptacle is maintained by the systematic daily 
addition of eggs from the broken lots to make up for any losses that 
may occur. 
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Fig. 5.—Interior of St. Johnsbury station. 
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CARE OF THE FRY. 

With the approach of the hatching period great care must be 
taken to guard against the clogging of outlet screens by accumu- 
lations of eggshells. As the eggs hatch the fry drop through the 
trays to the bottom of the troughs and remain there during the sac 
stage, which varies in length from 25 days in water with a tempera- 
ture of 50° to 50 days in a water temperature of 33° to 35°. As the 
young fish develop they will show a tendency to congregate near 
the head of the trough. To guard against suffocation of the fry, the 
troughs should be subdivided into compartments by the insertion 
of screens. The use of baskets for the retention of the fry also 
obviates this difficulty. 

PLANTING THE FRY. 

When the weight of the yolk sac has diminished sufficiently to 
permit the fish to rise in the water, they begin taking food, and 
under normal conditions are feeding freely by the time the sac has 
entirely disappeared. When very young fry are transferred to 
open waters, where there is natural food only, the planting should 
be done 8 or 10 days before the sac is entirely absorbed, for if 
delayed till after the sac disappears many will die before they 
become accustomed to finding food in their new environment. Very 
good results may be expected from the planting of fry if they are 
properly handled and carefully deposited in small spring-fed 
tributaries not frequented by larger fish. 

Brook-trout fry are usually transported in ordinary round-shoul- 
dered milk cans of 10 gallons’ capacity, the number of fish per can 
depending entirely upon the temperature of the water in which 
they have been held, the distance they are to be carried, and the 
fucilities for taking care of them en route, such as opportunities 
for changing the water, supplying fresh ice, etc. From the fact that 
water absorbs air more rapidly at a low temperature it can readily 
be seen that more fish can be transported per can when the water 
is cold. However, trout may not be subjected to great and sudden 
changes with safety, and it is not wise to lower the temperature in 
the transportation cans more than 10° below that of the water in 
which they have been carried in the hatchery. In making trips 
of from 5 to 10 hours’ duration between 2,500 and 3,000 fry may be 
carried in each can if the temperature of the water is not above 
50°, but where they are to be on the road more than one day it is not 
safe to carry more than 1,500 per can. 

The distribution work of the Bureau of Fisheries is accomplished 
mainly by means of cars especially built for the purpose and 
equipped with pumps for forcing air currents through the cans in 
which the fish are carried. Small shipments, however, are made by 
a special messenger in a baggage car, the railway companies usually 
offering every available opportunity for securing fresh supplies of 
water and ice. In the case of public plants, the fish upon arrival at 
the railway point nearest their destination are transported to the 
stream where they are to be planted and liberated in small lots in 
different places where there is shallow water and a good bottom or 
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in small spring-fed tributaries when possible. Where deliveries of 
fish are to be made to individuals or organizations on formal appli- 
cation, the applicant is expected to meet the shipment at the rail- 
road station and effect the necessary arrangements for their final 
planting. The demand for fingerling fish for stocking streams far 
exceeds the available supply. 

The methods outlined on page 47 for handling fry may be ap- 
plied advantageously to brook trout, and where it is necessary to 
economize, either in space or in the flow of water, the fry may be 
carried through the sac stage on trays stacked one above another in 
the trough compartments as is done with the eggs. In employing 
this method it is customary to transfer the eggs from the hatching 
trays to trays similar in size but covered with wire cloth 16 meshes 
to the inch just prior to the time of hatching. The more open mesh 
is desirable during the incubation period, as it gives a freer cir- 
culation of water, but the smaller mesh must be used to hold the 
fry successfully. This method of carrying fry is practiced exten- 
sively in fish-cultural operations addressed to such important com- 
mercial species as the Pacific-coast salmons and the lake trout of the 
Great Lakes. 

REARING AND FEEDING. 

If the fry are to be reared for breeding, one week before the food 
sac is absorbed they should be changed from the trays to a large pan 
and removed to the rearing troughs. Gravel may be used in 
these troughs, but in general practice it is undesirable, as the uncon- 
sumed food works down into it and, becoming fungussed there, causes 
a great spread of disease and increases the labor of caring for the 
fish. 

Trout fry are ready to be fed regularty when they rise to minute 
particles of food thrown upon the water. The time and frequency of 
feeding young fish, the kind of food, and the manner of feeding them 
are of the utmost importance. A difference of opinion exists among 
fish-culturists as to how often young trout should be fed, but the 
majority is in favor of feeding them from five to six times a day 
until they are a few weeks old and after that giving them larger 
quantities of food at less frequent intervals. Only such an amount as 
the fish will eat readily at one time should be spread upon the surface 
of the water with a feather until they are accustomed to taking it. 

While various foods have been fed more or less successfully, it is 
believed that beef heart and beef liver give better results than any 
artificial food, and their preparation is very simple. A less expensive 
and very satisfactory substitute is beef melts or spleen. The meat 
is first ground fine by running it through a meat chopper several 
times, using a plate with perforations five sixty-fourths of an inch 
in diameter, a little water is added, and the meat beaten to give it 
the proper consistency. An egg beater is used by some fish-cultur- 
ists in preparing the food. The finely ground meat is placed in a 
deep pan, with sufficient water to bring it to the proper consistency, 
and then thoroughly mixed with the egg beater. This removes 
practically all the small particles of connective tissue and muscle 
which ordinarly pass through the finest plate of the meat chopper 
and cause trouble by clogging the screens and fouling the troughs. 
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The introduction of beef liver into the troughs causes a milky dis- 
coloration of the water. This may be overcome, however, by wash- 
ing the prepared material before giving it to the fish. The washing 
process is accomplished by introducing a stream of water into the 
vessel containing the meat, which is screened to prevent loss of the 
food, and allowing the milky substance to escape with the overflow. 
This treatment does not in any way lessen the nutritive value of the 
food. 

At this stage the young fish have such a precarious hold upon life 
that too much attention can not be given to their care. Not more 
than 20,000 can be held with success in a feeding or rearing trough, 
and a constant circulation of water through the troughs must be 
kept up to prevent disease, while the fish should be properly thinned 
out in order to prevent loss by suffocation when they increase in size. 
About 3 to 5 gallons of water per minute are sufficient for 20,000 fry, 
although this quantity must be increased as the fish grow stronger 
and are able to breast a heavier current. 

In the spring when the water begins to grow warm the fish require 
more room than the feeding troughs afford and it is necessary to 
transfer them to other troughs or ponds. At some of the Federal 
hatcheries the young trout are held in troughs or nursery ponds until 
they attain a length of 3 or 4 inches before they are distributed. It 
has been demonstrated that raceways arranged as described on page 
31 possess many advantages over troughs for the rearing of such 
fish. Among the most successful rearing ponds are those from 5 to 8 
feet wide and not more than 100 feet in length, modeled after the 
ponds described on page 37. A water supply of about 200 gallons 
per minute and having a temperature of between 48 and 55° is de- 
sirable. Ponds of such shape and dimensions may be constructed 
with natural earth sides from the top of the bank to the water’s edge 
and of cement from the water level to the bottom. The bottoms, 
with the exception of a feeding area of cement near the outlet, are of 
gravel. A rearing pond 5 by 20 feet, having a gravel bottom and a 
flow of not less than 50 gallons of water per minute, will accommo- 
date from 10,000 to 20,000 fry till midsummer, when the number 
must be reduced to not more than 5,000. A raceway 4 feet wide and 
100 feet long, with a strong current, will carry 100,000 fry, and as 
the fish develop the number can be reduced and the surplus dis- 
tributed in other waters or shipped. 

At this stage they are usually fed at regular intervals three times 
a day, and, as they do not take food readily during the first few days, 
a great deal of patience is necessary in their treatment and care must 
be taken to see that no unconsumed portions are allowed to remain at 
the bottom of the pond and pollute the water. At this time the food 
should be given in small amounts, and considerable time should be 
taken to see that it is properly administered. Three-fourths of an 
hour is not too long for feeding 5,000 fry. The time occupied in 
feeding should be diminished and the amount of food increased ac- 
cording to the judgment of the fish-culturist as the fish grow older, 
but their appetites should never be completely satisfied. 
By early winter all fish reserved for brood stock should have at- 

tained a length of from 3 to 5 inches. If they have been held in 
troughs or small ponds, arrangements should be made for their trans- 
fer to more commodious quarters. A breeding pond 20 feet by 75 feet 
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will accommodate 10,000 yearlings, 5,000 2-year-olds, and about 3,000 
from 3 to 5 years old, though much better results will be attained 
with half this number. The water supply should be from 100 to 150 
gallons per minute. For adult fish the pond may be any size from 
i acre up to 20 acres or more, provided it has a very large water sup- 
ply entering at one end and flowing through its longest dimension 
to an outlet. A 20-acre pond should have a flow of 5,000 to 10,000 
gallons of water per minute for best results. A raceway or channel 
should be arranged where the water enters the pond, with a trap to 
catch the spawning fish as they try to ascend the stream. 

Less care is required in the preparation of food for adult trout. 
It may be given to them in pieces half an inch in diameter, may con- 
sist of almost any kind of raw meat or fish, and the flesh may be 
mixed with cooked mush made of a low grade of flour. Meat meal 
and fish meal in combination with meat and flour also have been used 
successfully. 

DISTRIBUTION OF FINGERLINGS. 

Fish which have attained a length of 1 inch are termed “finger- 
lings No. 1”; those which are 14 inches long are designated as 
“fingerlings No. 13”, and so on. Small fingerlings are distributed 
from the eastern hatcheries in May and June and at a later period 
in the west. Larger fingerlings are sent out in the autumn. As- 
signments of fingerling fish are necessarily much smaller than as- 
signments of fry. In shipping fingerlings No. 1 to No. 2 the num- 
ber carried in a can ranges from 500 to 1,000, the actual number 
varying with weather conditions and the length of the trip to be 
made. Not over 200 No. 3 fingerlings can be safely carried 1n a 10- 
gallon can, even under the most favorable conditions. 

EGGS FROM COMMERCIAL HATCHERIES. 

The collections of brook-trout spawn from wild fish, even when 
supplemented by eggs taken from brood fish under domestication, are 
totally inadequate to meet the present demand for eggs of that 
species, and but for the supply resulting from the raising of trout 
for the market by commercial fish-culturists the production of this 
fish would be curtailed considerably. The business of growing trout 
for the market was undertaken in this country more than half a 
century ago, but within the past 20 years it has developed so rapidly 
that it is now an industry of considerable importance. 

The main object of the private hatchery usually is the production 
of adult trout. The eggs, which, as a rule, are stripped from the 
fish just prior to marketing, are a secondary consideration. As 
New York and Boston are the best markets for the fish, it is natural 
that the most successful commercial hatcheries in the east should be 
located within easy reach of those cities. 

The methods followed by private plants in handling eggs and 
fry during the early stages of development do not differ materially 
from those employed at the Federal and State hatcheries. As the 
end in view is not the same, however, there is necessarily some 
variation in the treatment of the fish beyond the fry stage. 

At some of the commercial establishments ponds more or less ir- 
regular in size and shape are used for rearing, but, as a rule, the 
growing fish are held in long narrow raceways, some of them half 
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Fic. 6.—Commercial trout farm, West Buxton, Me. 

Fic. 7.Section of a raceway, commercial trout farm, West Buxton, Me. 
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a mile or more in length, though never more than 8 feet wide and 
with a water depth rarely exceeding 2 feet. Where there is an 
abundant supply of water a strong current flows through the race- 
ways, sometimes broken at short intervals by partition boards ex- 
tending half way from the surface of the water to the bottom, with 
openings somewhat narrower than the raceway. The refuse swept 
downstream by the current and the actions of the fish is deposited 
in the eddies formed above these riffles and may be removed easily. 
If the fish are uniform in size, no screens are placed between the 
compartments formed by the partitions, but if different sizes are 
carried in the same race screens form the partitions. Usually the 
upper sections of the raceways are screened for retaining the fry 
and the lower sections are used for holding the larger fish. As soon 
as the fry in the hatching troughs begin to take food freely they 
are transferred to the raceways and fed systematically. 
While such packing-house products as the livers, hearts, melts, 

and lungs of cattle, hogs, or sheep form the principal food, quan- 
tities of small waste fish, especially small herrings, are utilized at 
hatcheries located in the vicinity of the New England coast fisheries. 

The trout market demands fish known as “ thirds,” “ quarters,” 
and “ fifths,” designations for fish running, respectively, 3, 4, and 
5 to the pound. Many of the fish attain these sizes by the time 
they are 20 months old, at which age they produce their first eggs. 
After taking the spawn the fish are again placed in the raceways 
or in special ponds or pools and fed all they will eat until they are 
in proper condition for marketing, when they command 50 to 60 
cents per pound, net. 

Some commercial fish culturists raise fish especially for an egg sup- 
ply, holding them in ponds until they weigh from 2 to 3 pounds. 
Such fish yield eggs of better quality than are usually obtained 
from fish spawning for the first time, especially if a certain amount 
of natural food is available in the ponds in which they are kept. 

The eggs produced in 1922 by commercial establishments were 
sold at from $1 to $1.50 per thousand, depending upon their quality 
and the number contracted for. As a rule, eggs are purchased 
subject to their condition upon receipt, and it is generally stipulated 
that they shall be shipped as soon as they have reached the stage 
when infertile eggs can be removed. Consignments of eggs that 
are very near the point of hatching upon arrival at their destination 
are likely to suffer heavy loss both in the egg and in the fry stage. 

RAINBOW TROUT.’ 

The following discussion relates to the rainbow trout, which has 
received the attention of fish-culturists throughout the country. 
The earliest work along this line was concerned with the rainbow 
trout of the McCloud River and later was extended to include the 
trout of the Klamath River basin. Subsequently eggs of the steel- 
head from the Rogue River in Oregon and certain streams in Wash- 
ington were shipped east, and in many instances the fish resulting 
therefrom have been distributed in public waters under the name of 

7 The notes for the section on Rainbow Trout were contributed almost entirely by George 
A. Seagle, superintendent of the Wytheville (Va.) station of the Bureau of Fisheries from 
1880 to 1922, who has very ably described the methods employed at that station in the 
artificial propagation of this species, 
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rainbow or have been included in brood stocks at the various 
hatcheries, Federal, State, and commercial. The technical name, 
Salmo shasta, is used since it appears to be the name of the trout 
of the McCloud River, from which the original stocks were derived. 

DESCRIPTION. 

The body of the rainbow trout (Salmo shasta) is comparatively 
short and deep and is more elongate in males than in females. The 
average depth is contained about three and four-fifths times in the 
body length. The short head, which is obtusely ridged above, is 
about one-fourth the total length. The mouth is smaller than in 
other species of Salmo, the maxillary reaching scarcely beyond the 
eye, which is rather large and is contained five times in the side 
of the head. The caudal fin is distinctly but not strongly forked. 
On the vomer are two irregular series of teeth. The dorsal rays 
number 11 and the anal 10. In the typical species there are about 
135 scales in the lateral series, with 20 rows above and 20 below the 
lateral line. In the several subspecies the number of rows of scales 
along the side is from 120 to 180. The color is variable, depending 
on sex, age, and character of water. Typical adult fish are bluish 
above, silvery on the sides, profusely and irregularly dark spotted on 
the back and sides, the spots extending to the vertical fins, with a 
red lateral band and blotches and a nearly plain belly. The sea- 
run fish are nearly plain silvery. The chief distinguishing color 
characteristics of the varieties are in the number and position of the 
spots. 
: RANGE AND VARIATION. 

The rainbow trout is not indigenous to eastern waters. The 
natural home of Salmo shasta is in certain tributaries of the Sacra- 
mento River, and originally it was particularly abundant in the 
McCloud River, Calif. Other species of the rainbow trout (S. gil- 
berti, etc.) occur in the upper San Joaquin River and its tribu- 
taries. S. gilberté appears to be very similar to S. shasta. 

The rainbow trout is subject to considerable variation in form and 
color in different parts of its range. Salmo shasta has smaller scales 
than S. irtdeus, a species of steelhead trout inhabiting coastwise 
streams, and appears to be distinct from the Klamath River trout, 
which are probably either S. irideus or S. newberri. S. shasta has 
more than 145 scales in the lateral series, S. zrideus has less than 
135, while S. newberri has about the same number as the lowest 
count of S. shasta. The proper classification of the so-called rainbow 
and steelhead series has been the cause of much discussion among 
ichthyologists,* but it has no place here. 

TRANSPLANTING. 

The rainbow trout was introduced into eastern waters by the 
United States Fish Commission in 1880, but specimens of it, or its 
spawn, probably had been brought east by State commissions or pri- 
vate enterprise prior to that time. Previous to this date the State 
of New York had established a brood stock of trout from eggs taken 
in tributaries of the Sacramento River. They were known as Califor- 
nia mountain trout (Salmo irideus). In certain streams of the East 

* What are Rainbow Trout and Steelhead Trout? By W, C, Kendall, Transactions of 
the American Fisheries Society, 1920, 
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repeated plants of rainbow trout have failed to give results, the fish 
apparently seeking an outlet to the sea. Whether unsuitable condi- 
tions in the streams are responsible for this failure or whether it is 
due to some extent to a possible cross with the anadromous steelhead 
is a matter for conjecture. 

The theory has been held that this species would serve for stocking 
streams formerly inhabited by the brook trout (Salvelinus fonti- 
nalis), in which the latter no longer thrives owing to the clearing 
of the land at the sources of the streams, which has changed condi- 
tions in and along the waters, so that they are not agreeable to the 
brook trout’s wild nature. It has been believed generally that the 
rainbow trout is adapted to warmer and deeper waters and there- 
fore is suited to many of the now depleted streams which flow from 
the mountains through the cultivated lands of the valleys. This 
theory is disputed by Meehan, Bean, and other fish-culturists, how- 
ever. 

Rainbow trout, particularly the smaller sizes, differ from brook 
trout and other predacious fishes in that they feed principally upon 
worms, larvee, Crustacea, and the like, and do not take readily to 
minnows as food. They should be planted in spring or early sum- 
mer, when their natural food is abundant, as they will then grow 
more rapidly and become accustomed to life in the stream, and when 
worms, larvee, etc., are no longer to be found their experience and 
size will enable them to take a minnow or anything that may present 
itself in the shape of food. 

SIZE AND GROWTH. 

The size of the rainbow trout depends upon its surroundings, the 
volume and temperature of the water, and the amount of food it con- 
tains. The average weight of those caught from streams in the 
East is probably less than a pound, but some weighing 6} pounds 
have been taken. In the Ozark region of Missouri they are caught 
weighing 5 to 10 pounds. In some of the cold mountain streams of 
Colorado their average weight is not more than 6 or 8 ounces, but in 
lakes in the same State, where the water becomes moderately warm in 
summer and food is plentiful, they reach 12 or 13 pounds and a 
length of 25 to 28 inches. In the Au Sable River, in Michigan, they 
attain a weight of 5 to 7 pounds. In their native streams of Cali- 
fornia they are often caught ranging from 3 to 10 pounds, but av- 
erage from 1 to 2 pounds. The largest specimen ever produced 
in the ponds at Wytheville and fed artificially weighed 64 pounds, 
but many others in the same ponds weighed from 1 to 3 pounds. It 
is possible that Salmo shasta might be more successful in the southern 
range of the rainbow trouts, and that “steelhead” rainbows might 
thrive better in the northern range. 
Under favorable artificial circumstances rainbow trout hatched 

January 1 should absorb the yolk sac in about 30 days in a mean 
water temperature of 55° F. At this time feeding begins, and if 
properly cared for and supplied with a sufficient amount of suita- 
ble food the young trout should attain the following sizes: 1 
year old, 8 to 10 inches; 2 years old, 12 to 14 inches; 3 years old, 16 
to 18 inches. In the open waters of natural lakes and streams their 
sizes probably would average about 2 inches less per year. They 
grow until they are 8 or 10 years old, the rate diminishing with age. 
Some grow much faster than others under the same circumstances, 
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but the rate of growth is largely a question of food, temperature of 
water, and extent of the range. In water at 55°, with plenty of food, 
fish 1 or 2 years old will double their size several times in a single 
season, while in water at 40° with limited food the growth is scarcely 
perceptible. : 

The rainbow, like the brook trout, will live in water with a com- 
paratively high temperature if it is plentiful and running with a 
strong current, but sluggish and shallow water, even with a tempera- 
ture of 70° F., is dangerous for brook trout. Rainbow trout will 
live in warmer water than brook trout and are found in swift, rapid 
streams at 85° F., especially where there is some shade, but in ponds 
that temperature is dangerous even with shade and a good current. 
In its natural condition this trout is usually found in water varying 
from 38° F. in winter to 70° F in summer, and in selecting a site 
for a trout hatchery spring water with a temperature of 42° to 58° 
is required. 

The rainbow trout is a superior game fish, a vigorous biter, and 
fights bravely for liberty, though in the east it is somewhat infe- 
rior to the brook trout in these respects. 

PROPAGATION. 

WATER SUPPLY. 

The best water supply for a trout hatchery is that taken from a 
well-protected and deep-seated spring. The fall between the spring 
and the hatchery should be sufficient to permit the hatching troughs 
to be placed about 30 inches above the hatchery floor and to aerate 
the water as it enters the trough. Water obtained from a spring- 
fed stream or lake is apt to vary considerably in temperature and to 
carry much sediment and other foreign matter. While an open 
supply trough in the hatchery is somewhat unsightly and cumber- 
some, it seems to produce better results than a closed pipe. For a 
hatchery with 20 troughs a supply trough 10 inches wide and 10 in- 
ches deep, inside measurements, will carry sufficient water. A 2-inch 
molasses gate with a brass face set about 3 inches above the bottom 
of the supply trough is the best means of regulating the flow of 
water to the hatchery troughs. The water should have a drop of 
from 10 to 12 inches as it enters the hatchery supply trough from 
the main conduit, and it should be further aerated as it enters the 
hatching troughs. For this reason the supply trough should be set 
about 6 inches above the top of the hatching troughs with a space of 
3 or 4 inches from the ends. When local conditions will not permit 
such means of aeration, the water supply must be aerated as thor- 
oughly as possible by some other means. 

he main water supply at the Wytheville (Va.) hatchery is 
obtained from a spring such as is described above. After heavy 
rains the water becomes very turbid and much discolored from the 
yellow clay soil characteristic of the locality. At times the water 
supply carries sufficient sediment to smother both eggs and newly 
hatched fry. While this condition is not permanent, it causes much 
labor and a considerable loss of eggs and fish. 

As the water level from the spring is about 12 feet above the 
water level in the hatchery supply trough, it was a comparatively 
easy matter to construct a settling tank and filter. The settling 
tank was built near the spring. Water is conducted from the spring 
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to the head of the tank through a 6-inch pipe controlled by a gate 
valve. It enters an end compartment in the tank 4 feet wide and 20 
feet long, from which it flows into a second compartment 10 feet 
wide and 70 feet long, returning through a similar compartment and 
discharging into a compartment 5 feet wide and 70 feet long. Near 
the lower end of this compartment is a sand filter bed 20 feet long. 
The water passes down through the gravel and sand and is conducted 
to the discharge chamber through five lines of 3-inch tile. These 
drains are about 12 inches in length, with broken joints about 4 inch 
apart, and they extend into bulkheads in either end of the compart- 
ment. ‘The hatchery supply pipe is extended into this compartment 
and receives only water that has passed down through the filter bed, 
and since there is a fall of approximately 12 feet between the filter 
oy the hatchery supply trough, this pipe carries a satisfactory 
ead. 
Arrangements are provided for cleaning the sand and gravel used 

as a filtering medium. To reach the filter bed, the water passes over 
a cement bulkhead built across the compartment. Near the bottom 
of this bulkhead is a 6-inch valve whereby the water is admitted for 
cleaning the filter. The water used for cleaning passes up through 
the sand bed and discharges through a gate valve in the lower end 
into the waste ditch. While the water is passing up through the filter 
bed a rake, made by driving spikes into a 2-inch plank, is moved 
back and forth, by means of a sprocket and chain, over the surface 
of the sand. This rake is manipulated easily by one man operating 
a crank on the outside. This action loosens the sediment contained in 
the sand and the flow of water carries it into the waste ditch. About 
10 minutes’ work is required, twice each day, to keep the filter in 
perfect working order. 

To assist the percipitation of sediment and to relieve the sand 
filter an alum dropping device was installed between the spring 
and the settling tank. The alum solution is lifted by means of a 
hand pump to an elevated tank of 60 gallons’ capacity; after re- 
maining in this tank for 24 hours it is drawn off by means of a 
valve into a tank at a lower elevation. This gives a clear solution 
for use in the water supply. From the second tank the solution 
passes through a brass pipe to a copper-lined closet tank, in the 
bottom of which a 4-inch sight-feed oil dropper is fitted. The 
float in the closet tank maintains a uniform level therein, and the 
solution is constantly discharged Maat the oil dropper into the 
water supply pipe. A constant rate of flow through the oil dropper 
is maintained—60 gallons per 24 hours—but the strength of the 
solution varies in proportion to the turbidity of the water. In ex- 
treme cases a mixture of 1 part of alum to 50,000 parts of water 
will supply the hatchery with practically clear water. From this 
mixture the solution is reduced to as low as 1 part of alum to 
120,000 parts of water. As a rule, 4 pounds of sulphate of alumina 
per 24 hours, applied as described above, to each 20 gallons of water 
per minute used in the hatchery is sufficient to clarify the muddiest 
water. The untreated water carries in solution sufficient alkali to 
react completely with the small amount of sulphate of alumina 
used, leaving a sufficient amount of alkaline nitrate to prevent any 
“after coagulation” in the filtered water. It is doubtful if any of 
the alum is carried into the hatching troughs. Experiments con- 
ducted in Washington demonstrated that neither the eggs nor young 
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fish of the rainbow trout were affected by an alum solution below 
a strength of 1 part of alum to 8,000 parts of water. Rainbow trout 
2 inches long were held in a 1 to 20,000 solution for a period of two 
weeks without apparent harm. 

SPAWNING PONDS. 

In constructing ponds one of the first considerations is to place 
the fish absolutely under control, that they may be handled without 
delay or inconvenience. The ponds at Wytheville formerly were 
constructed of wood, but when they were rebuilt recently concrete 
was used. They are 15 by 50 feet and 3 feet 4 inches to 3 feet 6 
inches deep, shaped as shown in Figure 11, page 38, and have 
proven very satisfactory. The length of the ponds may be in- 
creased up to 100 feet without impairing their efficiency, though 
the width should not exceed 12 to 15 feet. Much depends upon the 
volume of water avatlable, but ponds more than 100 feet in length 
are difficult to clean and care for. Excellent water circulation is 
obtained in all parts, there being no corners in which refuse can 
lodge. From the outlet the bottom has a gradual rise of 6 inches 
in its entire length, making it practically self-cleaning. Most of 
the refuse will pass off, and any remaining can be disposed of read- 
ily by lowering the water level for a short period and then flushing 
the pond with fresh water. This method obviates the necessity of 
handling the fish, an important point, especially at the approach of 
the spawning season. 
A guard rack made of thin narrow slats is arranged on an incline 

of about 45°, as shown at A, Figure 11. If the water is to be used 
again in ponds below, a “ receiver” is built underneath the bottom 
of the pond, at the lower end, between the foot of the guard rack and 
the dam boards, and the floor of the pond immediately over the 
receiver is cut away and fitted with a grating. This allows all waste 
to fall through into the receiver. From there it is washed through 
the sluiceway by opening the gate valve. The sluiceway, D, is of 
8-inch terra-cotta pipe and connects with a 12-inch drain of the 
same material. 

The pond is provided with a spawning race about 14 inches deep, 
4 feet wide, and 25 feet long, placed at the upper end of the pond, 
as shown in Figure 11. Three division boards (shown at #’), about 
12 feet long and of suitable width to come within 1 or 2 inches of the 
surface of the water when the pond is filled, are firmly fixed at the 
bottom. The object of these boards is to form four entrances to the 
raceway, so that one or two pugnacious fish can not command the 

‘approach and keep back spawning fish inclined to enter. There is 
a dam across the raceway about 4 inches high for the purpose of 
bringing the water to that depth in the lower end, so that when 
trout enter the raceway they will find sufficient water in which to 
swim freely and not be inclined through fear to return to the pond. 

At the approach of the spawning season the water level of the 
pond is raised to within 6 inches of the top of the dam in the race- 
way, which will give the fish in entering the raceway a jump of 7 
inches, allowing 1 inch for the depth of water on the dam in the 
raceway. This distance has been found the most satisfactory, as 
under such conditions only spawning fish will ascend. If a jump 
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of less than 7 inches is provided, other fish can enter the raceway 
without much exertion and will ascend and disturb the breeding 
fish, which, when spawning, should be kept strictly by themselves. 

There is no rule regarding the supply of water that applies to a 
spawning pond at all times and in all places. It is necessarily 
governed by the temperature of the water, size and shape of the 
pond, size of the fish to be supported, the amount of shade, and other 
factors. For a pond such as has been described, where water is 
plentiful, at least 200 gallons per minute should be provided, with 
not less than 75 gallons per minute as a minimum, even where the 
temperature is from 50 to 55° and all other conditions are favorable. 
While the former amount is not absolutely necessary for the support 
of the fish, it insures the pond being kept clean and the fish are more 
inclined to enter the raceway at spawning time. In order to main- 
tain an even temperature of water, earth is banked against the sides 
and ends of the pond, the embankments being made broad enough on 
top to permit ample footway around the ponds. Such a pond can 
accommodate from 800 to 1,000 breeding fish. Fish must not be 
crowded, and in estimating the capacity of a pond several factors 
must be considered, such as the size of the fish, volume and tempera- 
ture of water, and shade. In stocking the spawning pond a good 
proportion is two females to one male. The brood stock must be 
selected carefully each year, and only sound and perfect fish retained. 

All pond bottoms should be cleaned frequently to prevent the accu- 
mulation of undesirable matter. A method recently devised permits 
the cleaning of ponds without subjecting the fish to the usual more 
or less protracted period of turbid water while the cleaning is in 
progress. About 10 feet from the intake end of the pond a cement 
bulkhead about 18 inches high extends into the pond from either 
side, leaving an opening in the center 4 feet wide. Each open end of 
this bulkhead is provided with slots in which boards may be inserted 
to complete the dam as required. In cleaning the water level is 
reduced and the section of the pond above the bulkhead thoroughly 
cleaned. The fish are then driven, by means of a seine, through the 
opening to the cleaned section and dam boards are inserted as 
described. The outlet valve is then opened and the remaining por- 
tion of the pond cleaned. 

TAKING THE SPAWN. 

The spawning season varies with the locality and the temperature 
of the water. It is usually from two to four weeks later in streams 
than in ponds where the fish are confined in spring water. At Wythe- 
ville the spawning fish may be found in the ponds any time after Oc- 
tober 1; the season is well started by October 20, and generally closes 
about January 25, the height of the season being between Novem- 
ber 1 and December 15. At the Neosho (Mo.) station the season 
usually begins about November 1 and extends to the 1st of March; 
at Manchester, Iowa, it occurs between November 15 and March 15. 
In California the season extends from February to May; in Mon- 
tana from April 15 to June 1; and in Colorado from May to July. 

The natural nests of these fish are made on gravelly bottoms and 
are round or elongated depressions about the size of a dinner plate. 
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The work of preparing the nest is performed chiefly by the male 
fish; upon completion the male and the female enter it together and 
by a rolling spasmodic tremor they deposit eggs and milt, which are 
brought together and mixed by agitation of the water. For a short 
period after they have been deposited the eggs are slightly adhesive, 
and during this time they absorb the impregnated water. When 
filled they fall apart and settle down between the gravel and stones 
of the nest, where they le protected until hatched. 
Under domestication the fish rarely will deposit their eggs of their 

own accord unless conditions are favorable. Swift, well-aerated 
water of suitable temperature, gravelly bottom, and a male consort 
seem to be necessary, although instances have been recorded where 
female rainbow trout have deposited their eggs on the cement. bot- 
tom of the stock pond without a male fish in attendance. On the 
other hand, adult fish in an aquarium have been observed to make 
nests and apparently attempt to spawn, failing in the effort and later 
dying with the eggs still retained. Instances have been reported, 
also, where fish (rainbow trout and landlocked salmon) have been 
taken from native waters several months after the spawning season, 
apparently still retaining their full quota of eggs in the ovaries. In 
every case the eggs were hard and “ glassy,” though as far as could 
be observed the fish had suffered no ill-effects as a result of their 
unnatural condition. Under any circumstances, however, retention 
of the eggs beyond the spawning period is, of course, unnatural and 
undesirable. In practical fish-cultural operations easy access to a 
suitable spawning race will invariably permit the fish to spawn or 
to indicate that they are ready to spawn. Overlong retention of 
eggs undoubtedly results in “ glassy ” eggs, probably caused by their 
coming in contact with a serious ovarian exudation present in the 
fish under these conditions, and may also result in serious permanent 
injury or even death to the fish. Eggs that absorb this fluid become 
hard and incapable of fecundation. Similarly, freshly extruded eggs 
if immersed in water which lacks the male element of fecundation for 
even a short period become hard and “ glassy.” 
When spawning ponds are provided with suitable raceways, the 

fish will ascend from the ponds into them in search of a place to 
nest and may then be taken out and stripped of their spawn. ‘To re- 
move the fish from the raceway, a square net (2B, fig. 11) is dropped 
in on cleats bolted against the side walls in the approach, the dam 
in the mouth of the raceway is raised, and the fish driven back 
into the net. The net is then lifted out of the water, and if it con- 
tains too many fish to handle conveniently a landing net is used to 
take out part of them before the square net is moved. The ripe fish 
are then placed in tubs or other vessels provided for the purpose, but 
care should be taken not to put too many in the tub at one time, as 
they will become restless or sick before they can be stripped of their 
spawn. While being held in this way the water in the vessel should 
be renewed frequently. 

There are two methods of taking and impregnating the spawn of 
fishes—the “wet” and the “dry” methods. By the wet method 
the eggs are taken in a pan containing sufficient water to cover them 
and allow them to mix freely with the milt, which is added imme- 
diately. After the contents of the pan has been stirred for a few 



‘umeds oy} SULYV I —'ZI “DIT 

=
 

r
i
e
 

ES
 

P
S
 

T
S
 





ARTIFICIAL PROPAGATION OF TROUT. 4l 

seconds with the hand or a feather, the eggs are set aside and left 
undisturbed during fertilization. The dry or “ Russian” method 
is now in general use; the eggs and milt are taken in a moist pan, 
and it makes little difference which is taken first, but one should 
immediately follow the other, and the contents of the pan is mixed 
thoroughly. In freezing weather it is advisable to use two pans, 
one set in the other, with water in the bottom pan to prevent the 
eggs from being chilled. 

After the eggs and milt have had time for contact and before the 
eggs begin to adhere to the bottom of the pan, water is added to a 
depth of about an inch, the eggs being kept in gentle motion by 
turning the pan to prevent adhesion. After 2 or 3 minutes the 
milt is poured off and clear water is put in the pan, in which the 
eggs are allowed to remain until they separate, which will be in 
from 15 to 45 minutes. When eggs are held in a deep vessel capable 
of holding several layers of eggs, those at or near the top will harden 
in the time indicated above, but those in the lower layers will remain 
soft for a much longer period. Most fish-culturists consider the 
temperature of the water a factor in this connection and believe that 
the hardening process is hastened by higher temperatures. This 
theory is not held by others, and as far as is known no really au- 
thentic data on the subject have been recorded. A vessel was devised 
at the Wytheville (Va.) station especially for holding the eggs dur- 
ing this period of water hardening. It consists of a 6-quart tin 
bucket in which is fastened, about 1 inch above the bottom, a circular 
piece of perforated tin. A funnel-shaped spout, soldered to the out- 
side of the pail, admits water between the bottom of the bucket and 
the perforated tin. About 4 quarts of eggs are placed in each bucket, 
and a small flow of water, about 1 gallon per minute, is supplied. 

In taking spawn the manipulation of the fish without injury is a 
very delicate and exacting task, full knowledge of which can be 
acquired only by experience, as it is difficult to squeeze the spawn 
from the fish without injuring or even killing it. In taking hold 
of the fish in the spawning tub the operator catches it by the head 
with the right hand, the back of the hand being down and the nose 
of the fish well in the palm, with the fingers extending under and 
along each side of the fish in the direction of the tail. At the same 
time the fish is grasped between the dorsal and caudal fins with the 
left hand, the back of the hand being up. A fish caught in this way 
can be brought out of the water easily, and when held gently but 
firmly against the body will struggle only for a moment. The opera- 
tor leans forward slightly, bringing the vent of the fish over the 
spawning pan and holding the head of the fish higher than the tail, 
its body at an angle of about 45°. The fish should be held well 
down in the pan, which is usually of 2-quart capacity, so that the 
eggs will not drop more than 2 inches. Some operators turn the 
abdomen of the fish upward with the tail bent backward. This 
method is not recommended, however, since the bending of the tail 
may cause serious injury and the eggs are subjected to a oreater drop 
into the pan. A large fish may be held with its head under the right 
arm. 
When the struggle is over, the hand is passed down the abdomen of 

the fish until a point midway between the pectoral and ventral fins 
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is reached, then with the thumb and the index finger the abdomen is 
pressed gently, and at the same time the hand is slipped toward the 
vent. If the eggs are ready to be taken, they will come freely and 
easily. If they do not come freely after the first pressure, the hand 
is moved toward the head of the fish and a very gentle pressure is 
applied to assist the natural flow of eggs until all that will come 
readily are obtained. Pressure should never be applied forward 
of the ventral fin, as even slight pressure over the vital organs is 
very apt to result in injury. 
By this method all of the eggs that have fallen from the ovaries 

and are ready to be expressed will fall into the abdomen near the 
vent, so that it will not be necessary to press the fish again over lis 
vital parts, the eggs having left that portion of the body. An ex- 
perienced operator can tell almost at a glance whether or not a fish 
is in Spawning condition as soon as it is lifted from the water. By 
grasping the fish as described, holding the head highest, if ripe eggs 
are in the ovaries they may be observed to roll slightly toward the 
vent. If this movement can not be detected, the right hand may be 
passed lightly down the abdomen, and if the egg mass is soft and 
yielding to the light touch the eggs will flow freely from the vent 
with but slight pressure. Examination of a large number of speci- 
mens has proven beyond doubt that serious injury, resulting in 
barrenness or death, is very likely to result from improper handling 
of fish at spawning time. / 

Recent studies® tend to correct the long accepted belief that the 
mature eggs of trout and certain other salmonoid fishes fall loosely 
into the abdominal cavity and from there are extruded. As a matter 
of fact the ovaries of the Salmonide are inclosed in a delicate mem- 
brane, and the eggs are conveyed to the genital pore through an open 
membranous trough. The ova do not fall naturally into the abdomi- 
nal cavity, and it seems probable that they can not be extruded if they 
are inadvertently displaced into it, and their presence there can not be 
advantageous to the fish. 

Careless fish-cultural methods are responsible for displacing the 
eggs. Some of these are dipping the fish head first into a dip net, 
causing it to flop about, and grasping the fish by the tail and holding 
its head until its struggles cease. The dip net should always be 
large enough to permit the fish to le extended. If the fish is ripe or 
partly ripe, the mass of eggs may be seen to sag toward the head, 
and inevitably any free eggs settle in the forward end of the ab- 
dominal cavity outside of the ova-containing membrane. It is after 
the stripping process has begun, however, that the danger of displace- 
ment is greatest, and particularly after some eggs have been ex- 
pressed and the tenseness of the supporting abdominal wall is re- 
laxed. Displacement is largely responsible for failure to secure all 
of the ripe eggs, and even though the fish may emit retained eggs 
later it is impossible for it to rid itself of displaced eggs. 

Another disadvantage from which the fish may suffer is rupture of 
the membranes and injury to the ovaries from forcible pressure, so 
that the eggs falling into the abdominal cavity are not secured. 

° Peritoneal Membranes, Ovaries, and Oviducts of Salmonoid Fishes and Their Signifi- 
cance in Fish-cultural Practices. By William Converse Kendall. Bulletin, U. 8. Bureau 
of Fisheries, Vol. XXXVIII, 1919-20. Bureau of Fisheries Document No. 901. Some 
Previously Unrecognized Anatomical Facts and Their Relation to Fish-cultural Practices. 
By William Converse Kendall. Transactions, American Fisheries Society, 1920. 
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When injured in this way, the ovary may not recover its natural 
function and may become sterile. If, however, simple precautions 
are observed, no injury to the fish will result. As an illustration it 
may be mentioned that fish have been kept for 14 years and their 
full quota of eggs extracted each season during the egg-producing 
term, which is normally from 10 to 12 years. The male fish is to be 
treated very much in the same manner as the female, except that the 
milt must not be forced out, as only that which flows freely is of 
value. 

After stripping, the fish are not returned to the spawning pond, 
but spent females are placed in one pond and males in another. The 
males are very pugnacious at this season and sometimes fight for an 
hour or more at a time until they are entirely exhausted; they run 
at each other with open mouths, lock their jaws together, and in that 
position sink to the bottom of the pond, where they lie for a short 
time, each holding the other in his grasp until rested, when they rise 
and resume the combat. As their teeth are abnormally long, they 
scar each other and even bite pieces of skin and flesh from the sides of 
their antagonists. 
From 15 to 25 per cent of the females yield eggs the second year, 

about 60 per cent the third year, and from 80 to 90 per cent each 
season thereafter. From 10 to 15 per cent of the fully matured 
females are barren each season. At one time it was thought that the 
same individuals were barren each year, but experience has shown 
that such is not the case, as fish that were barren one season have been 
held over in a separate pond until the following year when a large 
proportion, if not all, produced eggs. The sterility may be the result 
of injuries received during the progress of spawning. The males are 
good breeders when 2 years old. 

PRODUCTION OF EGGS. 

The number of eggs produced by a fish depends upon its size and 
age. The maximum from one 2-year-old fish, weighing from 6 to 12 
ounces, is from 500 to 800; from one 6-year-old, weighing from 2 to 4 
pounds, it is 2,500 to 3,000. The average of fish from 3 to 6 years old 
is 1,200 to 1,500. The eggs vary in size from 44 to 5 eggs to the linear 
inch, and from 300 to 360 per fluid ounce, according to the age of the 
fish, though in some localities larger eggs, averaging not more than 
220 to 240 per fluid ounce, are not uncommon. They are of a rich 
cream color when first taken, changing to a pink or flesh tint before 
hatching. Eggs from wild fish are of a pink or salmon color, and 
as a rule average somewhat smaller than those from domesticated 
fish. 

HATCHING TROUGHS AND TRAYS. 

The eggs are incubated on trays placed in troughs of wood, metal, or 
concrete and of various shapes and sizes. Standard troughs are 14 feet 
long, 14 inches wide, and 8} inches deep, inside measure. They are set 
in pairs, as shown in Figure 13, page 44. Six inches from the lower 
or outlet end inside is a guard screen of perforated zinc or wire mesh, 
fastened on a frame exactly fitted across the trough. Zinc with per- 
forations one-sixteenth of an inch in diameter for very young fry, 
and larger ones as the fish increase in size, is preferable to wire cloth. 
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The screen is arranged to slide vertically between beveled cleats, so 
that it may be cleaned more readily. An iron standpipe of suitable 
length to give the desired water level in the trough is screwed into 
the discharge pipe from the inside of the trough. Each trough should 
be provided with two of these standpipes of different lengths, mak- 
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LONGITUDINAL SECTION OF HATCHING TROUGH.SHOWING POSITION OF HATCHING TRAYS, DAM, ETC. 

Fic. 13.—Hatching troughs, guard screen, and egg trays. A, guard screen; B, horizontal 
sliding screen; C, hatching tray; D, position of hatching trays; H, tin tray for use in 
muddy water; F, block for water to fall on; G, brackets; H, feet. 

ing it possible to reduce the water level in the trough when desired 
for reasons which will be discussed in subsequent pages. 

In the upper end of the trough a horizontal screen made of per- 
forated tin, shown at B (fig. 13) is used. This is so constructed that 
it can be slipped forward or raised up (as shown in the illustration) 
when the fry are fed or the troughs cleaned. The water falling upon 
a small wooden block in the center of the screen is thoroughly aer- 

a 
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ated before entering the trough. This arrangement possesses many 
advantages over the old method, where the screens were vertical, or 
nearly so, as it permits fish to ascend to the head of the trough and 
receive the water as it falls from the screen, which is very beneficial. 
Its use not only keeps the fry clean even in muddy water, but also 
reduces the loss of fry from suffocation in the early stages, caused 
by their banking around the vertical screens, and obviates the neces- 
sity for trough covers to prevent jumping, as trout rarely jump 
where the horizontal screen has been adopted. 

The horizontal screen and deflector are exceptionally valuable 
where the water supply is somewhat limited, and when used with the 
spreaders hereafter described the fish may be held under ideal condi- 
tions. The bureau’s latest troughs have a pocket at the head, fol- 
lowed by a screen on a frame 6 inches from the upper end. Three- 
fourths of an inch below this is a dam board made of three-fourth- 
inch material extending from the top of the trough to within one- 
half inch of the bottom; a similar screen and dam board is placed 
in the middle of the trough. This system causes the current of 
water to pass close to the trough bottom, and a greater number of 
fish may be held in a trough divided in this way than otherwise. 
The tin spreaders, however, give the same effect; some fish-culturists 
are careless and do not use these until there has been a loss of fish. 
The young fish like to fight the current of water as it comes under 
the dam boards or spreaders, and it gives them exercise and good 
appetites. 
The hatching trays, C’ (fig. 13), are convenient to handle and ad- 

just in the troughs when made about twice as Jong as wide; that is, 
28 by 134 inches. The sides of the frame are made of good pine 
lumber, dressed, 14 by $ inch. The ends are dressed 4 by 1 inch 
and are cut into the sides to form a smooth surface on the bottom 
for the wire cloth. The wire used on the trays is woven with eight 
threads to the inch, with a mesh seven-eighths inch long, and should 
be well galvanized after it is woven in order to prevent rusting at the 
laps. The inside of the troughs, the egg trays, and all other equip- 
ment used in the trough are given a coating of asphaltum, thinned 
with turpentine, prior to use and each successive season thereafter. 
This acts not only as a preventative of rust and decay, but aids ma- 
terially in keeping the trough and fittings in a sanitary condition. 

Four hatching trays are placed in each trough and secured by keys 
or wedges and should be from 1 to 2 inches lower at the end next to 
the head of the trough, as shown at D, D, D, D (fig. 13). When 
so placed, a tray will hold from 14,000 to 16,000 eggs of average 
size. Muddy water during the hatching season necessitates the use 
of a perforated tin tray 32 inches long and 13? inches wide, with per- 
forations one-tenth of an inch in diameter in the bottom (shown at 
E, fig. 13). This rests on feet inside the trough, 1 inch above the 
bottom. The hatching tray containing the eggs is placed inside and 
rests on brackets shown at G. As they hatch the fish fall from the 
hatching tray upon the perforated bottom of the tin tray and by their 
movements work the sediment through so that they are left on a 
clean bottom and are in no danger of smothering. The tin trays are 
useful, also, in counting fish or for holding small lots of different 
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species in the same trough. Where supplementary trays are not 
used the fry fall directly into the troughs. 
A trough 14 feet long will carry 56,000 eggs safely on four hatch- 

ing trays in a single row, 14,000 eggs to the tray, but if it is necessary 
to make more room a double row of trays may be put in, one tray 
resting on top of the other. Thus the trough could contain 112,000 
eggs as its full capacity. By inclining the trays as described above 
a trough will carry this number up to the time of hatching. 
When the hatching stage arrives, two trays of 14,000 eggs each are 

as many as should be left in one trough. With this number, by using 
the horizontal sliding screen in the upper end and several spreaders 
in the body of the trough at intervals of 2 or 3 feet, there is but 
little danger of the alevins congregating and smothering in any 
part of the trough. If it is necessary to hatch a much larger 
number of fry in one trough, the sliding screen should be so arranged 
that the water will fall well up toward or nearly against the end of 
the trough. This is done by raising the screen and turning it back 
against the supply trough. When danger from smothering has 
passed, the screen is again laid flat. 

The spreaders are tin strips about 4 inches wide and 2 inches longer 
than the width of the trough, and when placed in the trough they 
are bowed toward the upper end, their excess length giving this 
effect. Three “ feet ” made of six penny finished nails are soldered to 
the bottom, giving the spreader a half-inch clearance above the bot- 
tom of the trough while the top extends just above the water level. 
The current created by this device near the bottom of the trough 
prevents the fry from congregating—a natural tendency—and serves 
to keep them well spread on the bottom. 

The amount of water required for hatching and rearing depends 
upon its temperature and the manner in which it is applied. It 
should receive as much aeration as possible before entering the 
troughs or ponds containing eggs or fish. At the Wytheville ( Va.) 
station each molasses gate in the supply trough furnishes water for 
two hatching troughs so placed that the water from the trough 
nearest the supply falls about 8 inches as it enters the trough below. 
In cleaning the higher troughs it is important that the plugs near 
the outlet end be removed in order that any refuse may pass directly 
into the drainage pipes. Under this arrangement eggs or fish in the 
lower troughs develop and thrive equally with those receiving water 
directly from the supply trough. 

The volume of water at a mean temperature of 53° F. generally 
used in the troughs at this station, with their capacity for eggs and 
young fish of varying sizes, is indicated in the following statement. 
The figures given are for two troughs set end to end and supplied 
with water from one gate as described above: 

Capacity of troughs: Gallons per minute. 

i Mt 7 G00 ic = ls mc a ae I le a es a Se 34-4 
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Fic. 15.—Rearing ponds, Wytheville (Va.) station. 
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The riffle ponds, 50 feet Jong by 5 feet wide (fig. 16, p. 48), 
earrying 40,000 No. 1 fingerling fish, receive from 20 to 40 gallons 
of water per minute. Yearlings and older fish in the brood or rear- 
ing ponds receive from 200 to 500 gallons of water per minute. A 
strong current of water is desirable in both the troughs and ponds, 
as it necessitates constant activity on the part of the fish, producing 
stronger fish than can be obtained in more sluggish water. The 
volume of water given here for fingerlings No. 1 and larger may be 
reduced without material disadvantage if the water temperature 
does not exceed 54°, but where water is plentiful and there is no need 
to economize in its use the amounts given can be used advantage- 
ously. In rearing ponds more water is required, as the circulation 
is not so good, and the outdoor exposure causes the temperature of 
the water to rise. 

CARE OF EGGS AND FRY. 

After the eggs are placed on the trays the only attention neces- 
sary until hatching begins is to keep them clean; dead eggs, which 
may be known by their turning white, must be picked out at least 
once each day. After the eyespot is plainly visible it is well to run 
a feather through the eggs for the purpose of changing their posi- 
tion on the trays and to disclose any dead eggs or foreign matter 
that may be hidden underneath. The greatest care should be exer- 
cised in handling the eggs at any time to avoid injuring them, 
especially from the first or second day after collection until the eye- 
spots appear, and then only when absolutely necessary. During this 
period the eggs are very delicate and they should not be disturbed 
except to carefully remove the dead ones. This may be accomplished 
with wooden or metallic tweezers. A moderate amount of sediment 
has no harmful-effect, since it covers one side of the eggs only. In 
cases where sediment is deposited on the eggs in sufficient quantity 
to solidify the mass and thus impair water circulation, the tray may 
be shaken gently, keeping the eggs well submerged during the opera- 
tion. 

In a. water temperature of 53° the eyespots appear in about 13 days 
and at this time the eggs should be feathered carefully. In water 
of this temperature hatching occurs in from 35 to 38 days. A higher 
temperature shortens the incubation period, while a lower tempera- 
ture lengthens it. As a rule, the best results are obtained in tem- 
peratures from 48 to 54°. A lower temperature prolongs the in- 
cubation period unduly, while higher temperature encourages the 
growth of fungus. 

After the fry hatch they require but little attention until the um- 
bilical sac is absorbed and the time for feeding arrives. They are 
examined daily and the dead fish and decayed matter removed from 
the troughs, which must be kept perfectly clean to keep the fish 
in healthy condition. As the fish grow they should be thinned out 
in the troughs from time to time as their size may require. When 
they first begin to feed, 20,000 to 25,000 fish per trough are not too 
many, but when they have attained a length of 14 inches the number 
should be reduced to not more than 15,000, while from 3,000 to 4,000 
three-inch fish are as many as one trough will accommodate advan- 
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tageously. It is advisable to give them as much room as is practica- 
ble and to provide exercise for them several hours each day by lower- 
ing the water level in the troughs to a depth of about 1 inch. The 
extra overflow pipe previously mentioned is used for this purpose. 

REARING PONDS. 

Ponds for rearing trout from fry to fingerlings should be from 4 
to 8 feet wide and of any desired length up to 60 feet, which, for 
convenience in drawing off the water and feeding the fish, is about 
the extreme limit. Between the advanced fry and No. 14 fingerling 
stages it is of the utmost importance that the fish have several hours 
of exercise each day. This can be provided for best by having the 
bottom of the pond perfectly level across its width but with a slope 
of about three-fourths of an inch to each 5 or 6 feet from the head 
of the pond to the foot, with riffles 1 inch high at intervals (fig. 16, 
p. 48). There should be a sufficient water supply to allow the riffles 
to work effectively, and this will be evident from the formation of 
water beads and air bubbles immediately beneath them. When the 
water is drawn down to exercise the fish, it should be about 1} inches 
deep above the riffle and one-half of an inch deep below the riffle. 
It is very important that the pond have ample screen surface, other- 
wise the water will dam and destroy the effectiveness of the riffles. 
The screen may be placed vertically or inclined, and where it is possi- 
ble a horizontal screen from 10 to 12 inches wide should be placed 
level with the bottom of the pond in front of the vertical or inclined 
screen, with a pit underneath for the reception of excrement. This 
insures an even depth of water in the pond and affords an effective 
means of ridding it of waste matter, which must be flushed out of 
the pit every few days to guard against pollution. Under such an 
arrangement the water supply enters the pond at the shallow end and 
‘discharges at the opposite end at a point several inches below the 
bottom of the pond. A successful means of preventing the fish 
from entering the supply pipe is shown in Figure 16, page 48. 

STOCKING THE RIFFLE POND. 

A pond 60 feet long and 5 feet wide will safely carry from 30,000 
to 40,000 fish of No. 1 to No. 3 fingerling size. Larger ponds may be 
stocked with a proportionately larger number of fish. One-fourth 
of the pond area should be shaded with a frame made of 1 by 23- 
inch strips over which 2-inch poultry wire is stretched and then 
covered with tarred roofing paper. This makes a cheap and satis- 
factory cover, and with proper care it will last through several 
seasons. 
Young fish in a riffle pond may be easily trained to take food. 

Simply break up the material into small particles and allow it to 
enter the pond with the water. As it passes over the riffles the fish 
will seize it, and after having been fed a few times in this way the 
food may be given to them by the usual method when the pond is 
filled with water. 
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FOOD. 

Beef or sheep heart ground or chopped to a pulp seems to be the 
most satisfactory artificial food for young trout. Second to this in 
value is sheep liver, which is drier and more granular than beef 
liver, and it can be used to good advantage for the first two or 
three months or until the fish are large enough to thrive on a mixed 
diet. European fish-culturists have achieved at least vartial suc- 
cess in producing a natural or living food, such as insect larvee 
and small crustaceans, for artifically reared trout,® but nothing 
better than the meats mentioned has been found. 

The proper method of feeding young fry should be understood 
thoroughly, as the losses resulting from improper feeding are fre- 
quently great. If there is undue haste, the water becomes polluted or 
the food is so distributed that some fish do not receive their share. 
Polluted water is very injurious to the young fish, sometimes causing 
inflammation of the gills and other ailments, which often result in 
heavy mortality. It may also produce undersized fish. 

The fry are ready to take food as soon as the sac is absorbed, the 
time required for this depending upon the rate of growth, which is 
governed by the temperature of the water. In a uniform temperature 
of 53° they will take food in about 30 days after hatching, and the 
time to begin feeding may be closely estimated by observing the 
movements of the fish. 

Tt is preferable to feed artificially reared rainbow trout on meat 
entirely if it is plentiful and cheap; otherwise a combination of liver 
and mush will give satisfaction. The mush is made by stirring 
wheat shorts or middlings in boiling water and cooking it until the 
mixture becomes thick. After the mush is thoroughly cool the finely 
ground heart or liver is added, the proportion usually being 20 
to 25 per cent mush to 75 or 80 per cent meat. In some localities rye 
shorts are obtainable in better grades than wheat shorts and at a 
lower price, and the rye seems to be quite satisfactory as food for the 
young fish. Enough of the mush for several feedings may be made at 
one time, as 1t keeps well in a cool place, but the meat should not be 
added at one time, but only as needed. 

Before the sac is entirely absorbed the school of fry at the bot- 
tom of the trough will begin to break up and scatter through the 
water, rising higher from the bottom each day until they can bal- 
ance themselves gracefully in a horizontal position, all of them 
heading against the current and swimming well up in the water. 
By dropping small bits of cork or prepared food on the surface 
of the water it can be determined if they are ready for food. If 
they strike at the pieces as the current carries them down, it is evident 
that they are hungry. 

The food is prepared by chopping it very fine and mixing it with 
water, in order that it may be distributed evenly. It should be 
given to the fish by dipping a feather into the food and gently 

10 Wresh-water Crustacea as Food for Young Fishes. By William C. Kendall. Appen- 
dix I, Report U. S. Commissioner of Fisheries, 1922. Bureau of Fisheries Document No. 
914, 1921, 
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skimming it over the surface of the water. After the fish have 
grown to be 14 to 13 inches long, they begin to take food that settles 
on the bottom of the trough, and it may then be given with a spoon. 
The young fry are fed five times a day, the food being given slowly 
and sparingly. After they learn to take their food from the bottom 
of the trough it is necessary to feed them only three times a day, 
but the amount given at each meal must be increased. Fish that are 
being fed artificially should not be carried in troughs that overflow 
into other troughs containing eggs or newly hatched fry, as parti- 
cles of food will pass through the screen and cause trouble. 
When the fish are first fed, the meat is prepared very carefully. 

The liver is usually “skinned” and all fat and connecting tissue 
removed from the heart. It is then passed through the finest plate 
of a meat chopper several times. These machines are provided with 
plates having holes from one-twelfth to one-half inch in diameter, 
so that the meat can be prepared fine or coarse, according to the size 
of the fish to be fed. At the bureau’s stations the Enterprise food 
chopper No. 42, driven by a two or three horsepower gasoline en- 
gine, is employed. 

The practice of throwing food into the pond by handfuls is en- 
tirely wrong, as it causes the fish to rush together violently, with 
open mouths, struggling to get a bite of food. They often hurt 
each other and injure one another’s eyes, sometimes even plucking 
them from their sockets. This is probably one of the main causes of 
blindness among pond-fed fish. 

The most approved method of feeding is to walk along the entire 
length of the pond to the upper end and then scatter a handful of 
food along the surface of the water so that it will fall to pieces. 
The fish quickly learn to follow and take up the food and then re- 
turn to watch for the next handful. The operation is repeated 
until sufficient food has been given. This method of feeding induces 
all the fish to head in the same direction while eating, thus reducing 
the danger of injury. 

The proper amount of food for a given number of trout depends 
upon their size, the temperature of the water, and to some extent 
on the kinds of food used. More food is required when the water 
temperature is comparatively high than when it is low. With water 
from 50 to 60° F. and food consisting of meat and wheat or rye 
mush, as described, the following daily ration for 1,000 fish will 
be found to be approximately right: Fingerlings, 3 to 5 inches long, 
2 to 3 pounds per day; yearlings, 8 to 12 inches long, 4 to 8 pounds 
per day; adults, 8 pounds per day. 

As the fish increase in size the amount of food should be in- 
creased proportionately and the number of feedings per day re- 
duced until at the yearling stage they should receive food only in 
the morning and evening at regular hours. Some fish-culturists 
find one feeding per day satisfactory for year-old and older fish. 
In the table below are indicated the kind and amount of food per 
month per 1,000 rainbow trout of different sizes at some of the 
bureau’s stations. | 
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TABLE 2.—Kind of food fed and amount required for 1,000 rainbow trout of 
various sizes. 

Kinds of food. 
Mean 

Station. Size of fish. tenes 
Beef Beef Shee Fresh 7 
heart. liver. (ay Mush. fish. ature. 

; , Fj Lbs. Lbs. Lbs. Lbs. Lbs oF. 
Wytheville, Va..-... Fingerlings No. 3....].......--- ee Re ee ees Cah BAe cee 52 

Fingerlings No. 6.... 12 26, |snckeececoh te FT 83y|-.ceeee-| aoseeeee 
AdtS2s St eeece ee 27 COM Seer e eee 120) oc Siapec sco] Speier eas 

Neosho, Mo....-.... KingerlingsiNowS:c. |Ssetes5-. Sloan seeeee 105 GY AS Sa ene 58 
Silo n AdUlise seme sens ae sacra secre eee eames 180 1G) PSscsee sed | dsss0s056 

Springville, Utah...| Yearlings........... SL Soe ee ec ece 25 26 53 
PAGULES So to -ee eee 20 Wee « ween ates | -ccomurene 183 860 \|ecaatis= ses 

PREPARING EGGS FOR SHIPMENT. 

Trout eggs are in condition to bear transportation when they have 
developed sufliciently to show the eyespots but are not too old to reach 
their destination before the time for hatching. Allowance is made 
for changes in temperature on the road that would cause them to 
hatch too soon. Best results are obtained by selecting eggs after they 
have reached the “tender” stage, or when the eyespots are first dis- 
cernible by holding the egg up to the light. Twenty-four hours in 
advance of shipment the eggs selected are transferred from the trays 
to pans or buckets. They are thoroughly washed with a stream of 
water of sufficient force to cause some agitation among them or by 
stirring them with a feather brush. This treatment not only removes 
all sediment from the eggs but causes all infertile eggs, which up to 
this time may have retained the color of good ones, to turn white and 
thus facilitates their removal. Unless this is done infertile eggs are 
very likely to get into the shipment. The eggs are then accurately 
weighed or measured (1 ounce may be weighed and counted or the 
eggs for one tray counted and then weighed), and the total number 
needed may be estimated from the result thus obtained. 

To facilitate the work of packing the trays are sometimes placed 
in a trough in which there is no current of water and the eggs poured 
on them from the graduate or measure. The trays are then shaken 
gently to settle the eggs evenly into place. If trough room is not 
available, a tub of water may be used. All trays and moss should be 
soaked in cold water for several hours previous to use, and when dry 
moss is used it is well to expose it to frost. If this is not practicable, 
shaved ice may be sprinkled through it. It is also desirable that the 
packing be done in a room with a low temperature. 

PACKING EGGS FOR SHIPMENT. 

The method of packing trout eggs on deep trays with a cushion of 
wet sphagnum moss over each tray is no longer practiced to any great 
extent with rainbow trout. The egg tray now in use has a cheese- 
cloth or linen scrim bottom, it is about three-sixteenths of an inch 
thick, has a depth varying with the diameter of the eggs to be shipped, 
and has such other dimensions as may be required. For shipping 
50,000 eggs 25 trays are used; for 100,000 eggs 33 trays, and so on, 
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each tray being proportioned to contain its quota of eggs, reckoning 
25 eggs to a square inch of tray surface one layer deep in the shallow 
trays, as shown in Figure 17 on this page. 

After the trays have been filled with eggs they are placed one on 

top of another in stacks of from five to eight trays, and in order to 
keep the eggs moist a tray of the same dimensions but three-fourths 

SAA AARR{T{’’’|]’.,AIIWWWNN Y} 
Lai 

ZW AVAAAAA MM 

ese 
Cee ICE Iai TRAY 

PERFORATED » 

OBL YLT LA 

CE) 
ree 

g 

j G 
g 
Y, Y GY G: 
Ze 
Z A: 
ZE 
Ge 
Gh 
Z 
Z Yj Y) 
Up 
Z 

S Zao. 

= ELEVATION SECTION A= B. 

HALVED AND LAPPED 

SECTION 

lon PLAN 

PLAN OF EGG TRAY 

Fic. 17.—Plan of Seagle egg-shipping case. 

of an inch deep is packed with wet moss and fastened on top of the 
stack with strong wrapping twine. First, a tray of moss is placed 
in the bottom of the shipping case, serving as a foundation for the 
trays containing eggs, then the stack of egg trays is placed on top 
of this and another tray of moss is set on top of the stack. 

The outside shipping case has double side walls, with 14-inch 
compressed cork insulation between, extending up as far as the ice 
chamber, which occupies about 4 inches at the top of the case. In- 
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* side of the case, around the sides, and at the bottom of the stack of 
trays, is a one-half-inch air space, the air entering through four 
holes bored through the walls, one on either side near the bottom, 
one at the front, and one at the back under the ice pan. The case 
is provided with strong iron handles, and the lid is put on with 
four hinge hasps with drop fastenings, these being more satisfactory 
than common hinges. 

The trays of eggs are held in place by V-shaped grooves formed by 
nailing cleats of suitable size in the corners of the case and are 
supported by four small blocks nailed to the bottom in the corners. 
Covering the bottom of the case and extending up 1 inch on all 
sides is a lining of tin, and through the center of the bottom is the 
drain tube. The ice pan, of galvanized iron and about 4 inches deep, 
fits the inside of the case. Its bottom is perforated to correspond 
with the inside dimensions of the egg trays, so that water from 
the melting ice contained in the pan must pass downward through 
the trays of eggs and escape through the tube at the bottom of the 
case. 

After arranging the stacks of egg trays in the case the ice pan 
is set In position over them, filled with broken ice, and covered with 
a piece of oilcloth. A cushion or pillow of dry sphagnum moss is 
fitted into the space between the ice and the lid of the case; the lid 
is then closed and the eggs are ready for shipment. 

DISTRIBUTING AND PLANTING FRY AND FINGERLINGS. 

Rainbow trout from the bureau’s hatcheries are distributed to 
applicants either as advanced fry immediately preceding the feed- 
ing stage or as fingerlings, after two or three months of artificial 
feeding. They may, however, be planted successfully at any time 
after the absorption of the yolk sac in waters where conditions are 
favorable. In the Southern States the best time for planting is the 
middle of March. In the more Northern States the springfed 
streams and open lakes are usually in condition to receive plants 
of fish in April. In any locality where the new green of the 
meadows and woods indicates the advent of spring the young fish 
may be safely planted. In their natural habitat the rainbows spawn 
during the early spring, and the young have absorbed the sac and 
are ready for food late in May or by June. Practically all of the 
fish hatched during the winter months at stations of the bureau are 
held and fed until weather conditions are favorable. 

In making deliveries of fish to applicants, the ordinary 10-gallon 
milk can of the commercial dairyman is used. The number of fish 
that may be carried safely, per can, is dependent on the size of the 
fish, temperature of water, and the distance to be covered. In well- 
aerated water of a temperature ranging between 48 and 55°, the 
following numbers may be carried safely in a 10-gallon milk can: 

GV ANGed, try; at TCCGINneS Stage =a lee Te ee ee 2, 500 
EADS CPT SSNIN Ost eet SRL ARE aE: SO egy is ewee ays SS By agen acon Oe ee 1, 000 
Minrerlin SsNOMME BY es DOE eh LAT) ee ERE 600 
Fingerlings Noideto. aetp Sov ep hy Fae ie BS ghd ee he ay Ee eee 300 
Hingenlin eg siNos 2 beeen a ee es be De ee a a 150 
SBT SLUTS INO sph a a eee 100 
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Too frequently plants of fish in public waters fail to give the best 
results because of careless and improper methods used in making 
the plants. The Bureau of Fisheries delivers fish to applicants free 
of charge at the railroad station designated in the application. It 
devolves on the applicant to see that the fish thus furnished are 
carefully and properly planted in the waters for which they are 
assigned. Many times the fish are taken to the place most easily 
accessible and the entire lot poured into water where there is but 
slight chance of their escaping large fish or finding congenial sur- 
roundings. The most suitable planting places in streams are to be 
found near the headwaters or in small tributaries. The fish should be 
scattered over as wide a stretch of stream as possible, in quiet, 
shaded, shallow backwaters and eddies. Deep pools where large 
fish are apt to be lurking should be avoided; also quick water, where 
the little fellows could not maintain themselves or find the food that 
is essential to their well-being. In stocking lakes or ponds the best 
places for planting are to be found in the small tributaries, as de- 
scribed above. Whenever possible avoid planting directly in the lake, 
but if it is impossible to do otherwise, select the shallow weedy 
margins or other places affording the greatest protection from 
enemies. Such places are the first to warm in the spring and they 
are sure to produce the greatest amount of natural food for young 
trout. 

BLACK-SPOTTED, LOCH LEVEN, AND BROWN TROUT. 

The methods employed in taking and fertilizing the eggs, the 
incubation thereof, and the care of the fry, fingerlings, and adult 
fish in the artificial propagation of the various trouts are practi- 
cally interchangeable, and for this reason it is unnecessary to dwell 
again on the fish-cultural processes. In the following pages the 
three species of trout mentioned above are briefly described. Of 
these only the black-spotted trout (Salmo lewist) of the Yellow- 
stone National Park is artificially propagated to any extent by the 
Bureau of Fisheries. 

The brown trout is not propagated by the bureau, and the Loch 
Leven trout is handled only incidentally at one or two of the Rocky 
Mountain trout stations. Propagation of the latter two species 
was discontinued because evidence was obtained from various sources 
to the effect that almost without exception these fishes offered 
nothing of advantage to the natural fish of the regions where they 
were introduced, and in many cases their introduction proved to 
be a serious detriment to the more valuable native species, 

BLACK-SPOTTED TROUT (SALMO LEWISI). 

Several varieties of the black-spotted trout have at various times 
been artificially propagated. In the past the more important opera- 
tions were conducted at the Leadville (Colo.) station of the bureau 
and dealt with the black-spotted trout (probably Salmo pleuriticus) 
of the Grand Mesa Lakes, in Delta County, Colo. The Manual of 
Fish Culture mentions the work of the Leadville station and that 

1A Manual of Fish Culture, Based on the Methods of the U. S, Commission of Fish 
and Fisheries, revised edition, p. 181. Washington, 1900, 
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of the California Fish and Game Commission addressed to 8S. hen- 
shawi of Lake Tahoe. The same publication makes the following 
reference to the spawning season and incubation period of the eggs: 

In the vicinity of Leadville the spawning season extends from May 1 to 
July 15. The eggs are hatched in the same troughs and under the same con- 
ditions as those of the brook and rainbow trouts. In water ranging from 
42 to 60° and averaging about 52° F., the eyespots appear in 20 days and 
hatching ensues in 30 to 45 days. 

At the present time artificial propagation of this troutisconfined to 
the fish of the Yellowstone National Park (Salmo lewisi), and a 
limited amount of work is done at the Springville (Utah) station, 
where a small brood stock is maintained. Some information relative 
to the spawning season and incubation period of the eggs at these 
points is given in the following table: 

TABLE 3.—Spawning season of black-spotted trout (Salmo lewisi), showing 
egg production and period of imcubation. 

Aver- Minimum egg pro- : . ae Nam: ection Incubation period. Fry. 

4 num- | ber 0: 
Station. Peayeng ber of | eggs a inure 

~ eggs per - um- Incuba- 
per | ounce. Weight of | ber of eee tion com- paglk sae [ 
fish. ; eggs. pleted. 

Yellowstone | June 10 to 950 350 | 2pounds..| 1,600 | 14 days at | 22 days at | 15 days at 
Lake, Wyo. July 20. 47° FB. 47° BF, 47° FB. 

Springville, | May 27 to} 2,000 320i cuecces econ beersces| saeeeeeeeee 23 days at 
Utah. June 30. 54° FL 

Smith and Kendall have the following to say regarding the 
black-spotted trout in Yellowstone National Park waters: 

In its numerous varietal, subspecific, or specific forms the redthroat, cut- 
throat, or black-spotted trout is of extensive distribution on the Pacific slope. 
In the park a form designated as Salmo lewisi is found naturally in both 
upper Snake and upper Missouri waters, having doubtless gained access to the 
latter from the Snake River by the way of Two Ocean Pass, and it is not 
unlikely that an interchange of individuals still takes place. Yellowstone 
Lake and Yellowstone River from its source to many miles beyond the park 
are inhabited by it. The abundance of trout above the falls is remarkable. 
At almost any time as one passes along fish are seen breaking water. 

The size attained by trout in park waters, as elsewhere, varies 
much with locality and conditions. Fish of over 4 pounds have 
been reported. 

In some waters this trout is highly esteemed as a game fish and 
can be taken in all sorts of ways—spoon, phantom, natural bait, 
artificial fly, ete. Mary Trowbridge Townsend (loc. cit.) writes of it 
in the Firehole River: 

The father of the Pacific trout, the black-spotted ‘cutthroat,’ with the 
searlet splotch on his lower jaw, was most in evidence, with long, symmetrical 
body, and graduated black spots on his burnished sides. He is a brave, dashing 
fighter, often leaping salmon-like many times from the water before he can 
be brought to creel. We found him feeding on the open riffs or rising on the 
clear surface of some sunlit pool. 

12 Fishes of the Yellowstone National Park, With Description of the Park Waters and 
Notes on Fishing. By Hugh M. Smith and William C. Kendall. Appendix III to the 
Report of the U. S. Commissioner of Fisheries for 1921. Bureau of Fisheries Document 
940, p. 18. 
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Ralph E. Clark wrote (loc. cit.) that “the dark, silver-gray trout 
of the West seem to favor flies more in harmony with their own 
coloring,” and mentioned the gray hackle, brown hackle, coachman, 
grizzly king, Seth Green, black gnat, and white moth: 

The junction of Yellowstone and Lamar Rivers is noted for fine fishing. 
If you find the waters high, swift, and roily, you will probably try your flies 
in vain. Put on a spinner or a little spoon and watch the fish rise to it, 
almost touch it, and then go away. They are after live bait and won’t touch 
anything else. The grasshoppers are abundant. Catch a few, bait your 
hook carefully, and let it float down with the current. A large trout will 
rise to it, and if you are not very careful he will steal it away from you. 

VARIETIES AND DESCRIPTION. 

It has been said that there are two varieties of native trout in the 
park, the larger ones of the Yellowstone, with bright yellow bellies, 
and the smaller kind more silvery in appearance and exhibiting 
much greater activity and game qualities, of which Tower Creek 
fish are examples. Also trout of Yellowstone Lake seem to differ 
from those of Heart and Henry Lakes in having more distinct and 
rather less numerous black spots. However, in this respect very 
much individual variation is shown. It has also been suggested 
that the silvery color is a juvenile characteristic, while the “ yellow 
bellies ” are older fish. Who knows? 

This is the principal fish artificially propagated by the Bureau of 
Fisheries at the hatcheries on Yellowstone Lake and Soda Butte 
Creek. From 3,000,000 to 20,000,000 eggs are taken annually. After 
the local park waters are liberally stocked the remaining young are 
supplied to suitable waters in the adjoining States. The park, how- 
ever, should have and does have first claim on the hatchery output. 

Jordan and Evermann* give the following description of the 
fish and other information concerning it: 

The Yellowstone or Lewis trout (Salmo lewisi) inhabits the Snake River 
Basin above Shoshone Falls and the headwaters of the Missouri. It is 
abundant throughout this whole region in all accessible waters and is par- 
ticularly numerous in Yellowstone Lake. As already stated the trout of 
Yellowstone Lake certainly came into the Missouri Basin by way of Two- 
Ocean Pass from the upper Snake River Basin. One of the present writers 
has caught them in the very act of going over Two-Ocean Pass from Pacific 
into Atlantic drainage. The trout on the two sides of the pass can not be 
separated and constitute a single species. 

The cutthroat trout (Salmo clarkii) * * * is found in all the coastwise 
streams and lakes from northern California to British Columbia and pos- 
sibly in southeastern Alaska. In the Columbia River Basin it is found as far 
up the Snake River as Shoshone Falls and in the headwaters of the Pend d’- 
Oreille. In the waters about Puget Sound it is very abundant, as it is, in 
fact, throughout most of its range. It is known variously as cutthroat trout, 
black-spotted trout, Columbia River trout, and by many other local names. 

In the earlier books this species was identified with the Mykiss of Kam- 
chatka and was called Salmo mykiss or Salmo purpuratus, but recent in- 
vestigations have shown that it is not identical with the Kamchatkan species, 
and that there is a wide region between Kamchatka and southeast Alaska in 
which no trout are found. 

The cutthroat trout and all of this series spawn in the spring and early 
summer. Those in the streams seek the shallow waters of the smaller creeks, 
while those of the lakes come to the shallow waters near shore or upon the 
bars; in many cases they ascend tributary streams. * * *,. The cut- 

1s American Food and Game Fishes. Pp. 176 and 179. By David Starr Jordan and 
Barton Warren Evermann. Doubleday, Page & Co., New York, 1902, 
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throat trout and its different derived forms yary greatly in the sizes at which 
they reach maturity, the chief factors being, of course, the size of the body 
of water they inhabit and the amount of the food supply. 

Those species or individuals dwelling in lakes of considerable size, where 
the water is of such temperature and depth as to insure an ample food sup- 
ply, will reach a large size, while those in a restricted environment, where 
both the water and food are limited, will be small directly in proportion to 
these environing restrictions. The trout of the Klamath Lakes, for example, 
reach a weight of at least 17 pounds, while in Fish Lake in Idaho mature 
trout do not exceed 8 to 9} inches in total length, or one-fourth pound in 
weight. In small creeks in the Sawtooth Mountains and elsewhere they reach 
maturity at a length of 5 or 6 inches and are often spoken of as brook trout 
under the impression that they are a species different from the larger ones 
found in the lakes and larger streams, but as all sorts of gradations between 
these extreme forms may be found in the intervening and connecting waters the 
differences have not even subspecific significance. 

The various forms of cutthroat trout vary greatly in game qualities. Even 
the same species in different waters, in different parts of its habitat, or at dif- 
ferent seasons will vary greatly in this regard. In general, however, it is per- 
haps a fair statement to say that the cutthroat trout are regarded by anglers as 
being inferior in gameness to the eastern brook trout. But while this is true 
it must not by any means be inferred that it is without game qualities, for it 
is really a fish which possesses those qualities in a very high degree. Its vigor 
and voraciousness are determined largely, of course, by the character of the 
stream or lake in which it lives. The individuals which dwell in cold streams 
about cascades and seething rapids will show marvellous strength and will 
make a fight which is rarely equalled by its eastern cousin, while in warmer 
waters and larger streams and lakes they may be very sluggish and show but 
little fight. Yet this is by no means always true. In the Klamath Lakes, where 
the trout grow very large and where they are often very loggy, one is occa- 
sionally hooked which tries to the utmost the skill of the angler to prevent his 
tackle from being smashed and at the same time save the fish. An in- 
stance is on record of a most enthusiastic and skilful angler who required one 
hour and three-quarters to bring to rest a 9}-pound fish in Pelican Bay, Upper 
Klamath Lake. * * *, The typical cutthroat trout (Salmo clarkii) may be 
described as follows: 
Head 4; depth 4; D 10; A 10; coca 43; scales small, in 150 to 170 cross 

series. Body elongate, compressed; head rather short; mouth moderate, the 
maxillary not reaching far beyond the eye; vomerine teeth as usual set in 
an irregular zigzag series; teeth on the hyoid bone normally present, but often 
obsolete in old examples; dorsal fin rather low; caudal fin slightly forked 
(more so in the young). Color, silvery olivaceous, often dark steel color; back, 
upper part of side and caudal peduncle profusely covered with rounded black 
spots of varying sizes and shapes, these spots often on the head and sometimes 
extending on the belly; dorsal, adipose, and caudal fins covered with similar 
spots about as large as the nostril; inner edge of the mandible with a deep 
red blotch, which is a diagnostic mark; middle of side usually with a diffuse 
pale rosy wash, this sometimes quite bright and extending on to side of head; 
under parts silvery white. The red blotches or washing on the membrane 
joining the dentary bones of the lower jaw are usually constant, probably al- 
Ways present in the adult, and constitute a most important character. This 
species has been called Salmo mykiss in various publications by the writers 
and others, but the true Salmo mykiss is allied to Salmo gairdnerii and has 
never been taken outside of Kamchatka. 

GROWTH AND EGG PRODUCTION. 

The superintendent of the Bozeman (Mont.) hatchery gives the 
following information regarding the growth and egg-production of 
the black-spotted trout of the Yellowstone National Park waters: 

Even with domesticated trout on the hatchery grounds, fed and reared in 
the same ponds and with the same opportunity for growth, there is a very wide 
range of development. In the case of wild fish we have reason to believe that 
this development presents even a greater range owing to food conditions, range, 
and number of fish in proportion to the previously named conditions. From 
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observations in connection with the Yellowstone Park operations we believe that 
the following figures are approximately correct: 

Length Egg produc- 
Age. (inches). uae 

eran th Pe mee eee a teese et ccs ek Aha ccc uceeoaeee epee cinemas am 3-5) | |e ee ee 
er VORP Gite cas ba fe a he ee ee eh oe a Poeepees eee ego ee pal he he Sate ee ees 
LETTE TLS Ta 6 Spe oi le SS oe SS Sore oe ae = rics aoa ae 8-12 500-800 
ODPE-WERY ON seer 4) ee rs ee ee see E Ee. Kae taes Base Pa ee ink = Sate 11-15 800-1, 200 
DIAS SSN gts A a Eo ER EE fe Sete oe Re oe ees oe 13-18 1, 000-1, 600 

On several occasions when we kept count of the fish spawned the average 
production was found to run from 900 to 1,000 eggs per spawned fish. There 

are very few undersized spawning fish as compared with brook trout, where 

we find them producing spawn at 7 and 8 inches, and occasionally when even 

smaller. It is believed that very few females spawn under 3 years of age in 
the Yellowstone watershed. The season is short, due to both latitude and 
high altitude, hence the rate of growth is somewhat slower than in many sec- 

tions more favored climatically. 

PARASITES. 

This is an excellent food fish when fresh from cool waters, but the 
trout from some parts of the Yellowstone Lake, Upper Yellow- 
stone River, and Heart Lake are generally reputed to be infested with 
a parasitic worm. In his book pertaining to the fish of the park, 
‘General Chittenden says: 

The trout of Yellowstone Lake are to a slight degree infected with a para- 
sitic disease that renders them unfit for eating. Many efforts have been made 
to discover the cause of this condition and a suitable remedy for it, but so 
far without success. An explanation sometimes advanced is that the exces- 
sive number of these fish and the absence of sufficient food reduce the vitality 
and they become easy prey to parasites which a more vigorous constitu- 
tion would throw off. Later investigations have shown that reports of the 
prevalence of this condition were much exaggerated. 

The parasite referred to is a tapeworm, of which only the larval 
or intermediate form occurs in the trout, the host of the adult being 
an entirely different animal, as is the case with all tapeworms of this 
kind. Briefly, its life cycle has been found to be as follows: Start- 
ing with the egg in the water it develops into a ciliated embryo. 
This passes into the fish, probably by way of the mouth, and becomes 
established and assumes the form usually observed. The fish is eaten 
by the pelican, and in the intestinal tract of that bird the parasite 
attains its adult and reproductive stage and its round of life is 
there completed. The eggs pass into the water and a new genera- 
tion is begun. 

General Chittenden’s statement that the parasite renders the fish 
unfit for food involves a matter of prejudice rather than actual unfit- 
ness for food or danger to the consumer. Cooking destroys the vital- 
ity of the worm, and it may be said that this particular worm is not 
harmful to man. Probably no one would knowingly eat an infected 
fish, but if he should there would be absolutely no danger in doing so. 
Beyond doubt the presence of this parasite is greatly exaggerated, as 
General Crittenden says, and lean, cadaverous, unsightly trout, the 
condition of which is commonly attributed to parasitism, are often 
fish which are run down from breeding, although they may carry 
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some parasites. There is scarcely a fish that swims that is not more 
or less infected by some sort of parasitic worm, and in this respect 
the Yellowstone fish do not appear to be worse than the fish of many 
other lakes in the country. 

LOCH LEVEN TROUT (SALMO LEVENENSIS). 

The Loch Leven trout** of Great Britain was introduced into the 
United States from Scotland in 1885 and subsequent years. It is 
somewhat closely related to the European brown trout (Salmo fario), 
and has been artificially crossed with that species in the United 
States, so that it is sometimes difficult to find the purebred Loch 
Levens in fish-cultural establishments at home. 

DESCRIPTION. 

The body of the Loch Leven is more slender and elongate than that 
of the brown trout, its greatest depth contained four and one-fourth 
to four and one-half times in the total length without caudal. Caudal 

1g. 21.—Loch Leven trout (Salmo levenensis). 

peduncle slender, its least depth three-eighths of the greatest depth 
of the body and equal to length of snout and eye combined. The 
head is rather short and conical, its length two-ninths to one-fifth 
of the total length without caudal. The snout is one-fourth or 
slightly more than one-fourth as long as the head. The interorbital 
space 1s Somewhat convex, its width equal to three-fifths of the 
length of postorbital part of head. The eye is of moderate size, its 
long diameter contained five and one-half to six times in the length 
of the head and equaling about twice the greatest width of the max- 
illa. The maxilla reaches to or slightly beyond the posterior margin 
of the eye. Teeth rather strong, those in the intermalillary and man- 
dible the largest, triangular head of vomer with two or three in a 
transverse series at its base, teeth on the shaft of the vomer usually 
in a single, partially zigzag, persistent series. Mandable without a 
hook and but little produced even in breeding males. 

Anterior end of dorsal base distant from tip of snout about as far 
as posterior end from base of caudal; the dorsal fin higher than 
long, its base one-eighth of total length without caudal, its longest 
ray equal to longest ray of anal fin. The anal fin is much higher 

14 Food and Game Fishes of New York. By Tarleton H. Bean. In the Seventh Report 
of the New York Forest, Fish, and Game Commission, 1901 (1902), p. 336, Albany. 
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than long, its distance from the base of the ventral equaling length 
of the head. The anterior end of the base of the ventral is nearly 
under the middle of the dorsal, the fin being as long as the postor- 
bital part of the head. Pectoral equals length of head without the 
snout. Adipose fin very small, its width one-half its length, which 
is about equal to eye. ‘The caudal when fully extended is square or 
truncate; in natural position it is somewhat emarginate. The outer 
rays are about one-seventh of the total length of the fish including 
the caudal. 
Upper parts brownish or greenish olive, or sometimes with a reddish 

tinge; sides silvery with a varying number of X-shaped black spots, or 
sometimes rounded brown spots or rounded black spots which may 
be ocellated; occasionally red spots are seen on the sides, and the 
adipose fin may have several bright orange spots, or it may show a 
red edge and several dark spots; sides of the head with round black 
spots; dorsal and adiposed fins usually with numerous small brown 
spots; tip of pectoral blackish; anal and caudal fins unspotted, but 
the caudal sometimes has an orange margin and the anal a white 
edge with black at its base; a similar edge may sometimes be ob- 
served on the ventral. 

RANGE, SIZE, AND FOOD. 

The Loch Leven trout is a nonmigratory species, inhabiting Loch 
Leven and other lakes of southern Scotland and the north of Eng- 
land. Its range in Great Britain and on the continent of Europe 
has been greatly extended by fish-cultural operations, and the fish 
is now fairly well known in the United States, though mixed to some 
extent with the brown trout, as remarked above. Examples weighing 
18 pounds have been recorded, but the average weight at 6 years of 
age is about 7 pounds, though some individuals of that age may reach 
10 pounds. The natural food of this species includes fresh-water 
mollusks (snails, Buccinum, etc.), crustaceans, worms, and small fish. 
In captivity it is reared on liver, horse flesh, chopped clams, and 
various other meats. 

As a food fish the Loch Leven is highly esteemed because of the red 
color and delicate flavor of its flesh when obtained from suitable 
waters. In some localities the flesh often becomes white from lack 
of proper food or from other causes. 

The spawning season begins late in September or early in October 
and continues until December. In Michigan it corresponds with that 
of the brook trout. The egg varies from about one-fifth to one- 
fourth of an inch in diameter. A trout weighing 2 pounds contained 
1,994 eggs, the weight of which was one-half pound. 

The Loch Leven will take the artificial fly as readily as the brown 
trout and the brook trout. Its great size and strength add to its 
attractions for the angler. 

Smith and Kendall?> make the following comments on the Loch 
Leven trout as it occurs in waters of Yellowstone National Park: 

15 Fishes of the Yellowstone National Park. With Description of the Park Waters and 
Notes on Fishing. By Hugh M. Smith and William C. Kendall. Appendix III to Report of 
U, S. Commissioner of Fisheries for 1921. Bureau of Fisheries Document 904, p. 22. : 
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This trout originated in Loch Leven, the lake made famous by Scott’s poem, 
“'The Lady of the Lake.” ‘Typically it was peculiar to this loch, where it sel- 
dom, if ever, attained much over 1 pound in weight. The claim has been made 
that it is merely an ontogenetic development of the common brown trout, and 
that when transferred to other waters its progeny can not always be distin- 
guished from the common brown trout. On the other hand, information de- 
rived from persons familiar with Loch Leven indicates that both this trout and 
the brown trout exist in the same lake, and that in that body of water they can 
always be distinguished. 

It is not impossible that confusion has arisen by brown trout from that lake 
having been propagated under the supposition that they were Loch Leven trout. 
There are parallel instances of such mistaken identity in this country in respect 
to other species, and so-called Loch Leven trout have been propagated for a 
long time in this country. In the early years the progeny of Loch Leven eggs 
could easily be distinguished from brown trout hatched at the same time, espe- 
cially when they had attained a few inches in length. Recently, however, there 
is reason to suspect that many of the so-called Loch Leven plants have been 
brown trout. 

! 

PROPAGATION. 

The Bureau of Fisheries makes no special effort to artificially 
propagate the Loch Leven trout for reasons stated elsewhere. At 
two of the hatcheries—Leadville, Colo., and Spearfish, 8. Dak.—very 
limited numbers of eggs are handled each year. At the former point 
the egg collections are obtained from the Arkansas River, and such 
work is incidental to the more important brook trout egg collections 
annually undertaken in the same region. At the latter station a 
small brood stock of the species is maintained, numbering 82 female 
fish sexually mature at the end of the fiscal year 1922. The distribu- 
tion of the output in each case is limited to local waters. 

The information regarding the spawning season, incubation period 
of the eggs, etc., contained in the following table, is taken from the 
reports of the superintendents of the stations: 

TaBLE 4.—Spawning season of Loch Leven trout, egg production, and period 
of incubation. 

= Maximum egg pro- A ; ee ete! Gusnien: Incubation period. Fry. 

. num- | ber of 
Station. ae ber of | eggs 

2 oe .| Weight of aoe Eyespots Se Yolk sac 
ee fish. eggs. appear. pleted. absorbed. 

Spearfish, S.{ Oct. 10 to 920 O00 ass scneieil ese pemers 25 days at | 112 gaye at | 35 days at 
Dak. Dec. 10. 41° F, 39° F. 39° F. 

Leadville, Colo.| Oct. 8 to} 1,500 260 | 6pounds..| 3,000 | 22 days at | 150daysat | 60 ae at 
Dee. 31. 43° F. 33° F. 34° F. 

The superintendent at Spearfish (S. Dak.) station comments 
further on the Loch Leven trout, as follows: 

The Loch Leven trout has proven to be the hardiest trout in the Black 
Hills, for, while the numbers planted each year have been small as compared 
with plants of brook and black-spotted trouts, the numbers taken by fisher- 
men would seem to exceed those of both the other species. Very few black- 
spotted trout were ever taken in this section, 
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BROWN TROUT (SALMO FARIO).* 

The fish better known in this country as brown trout was first 
introduced under the name of von Behr trout, after the man through 
whose instrumentality the eggs were obtained from Germany. It 
was later called German brown trout and finally just brown trout, 
also having many other local names. In Germany it is the Bach- 
forelle (brook trout), but it is not exclusively a brook trout any 
more than the eastern brook trout of the United States (Salvelinus 
jontinalis) is such. 

RANGE, SIZE, AND FOOD. 

The brown trout also inhabits lakes, in some of which it reaches 
a large size, even 50 pounds, if the British Salmo ferox is the same 
species. Day, in his “British and Irish Salmonidae,” 1887, gives the 
habitat of this trout as the colder and temperate portions of the 
Northern Hemisphere, descending into Asia as far south as the 
Hindu Kush, but not normally present in any portion of Hindustan. 

This trout has been introduced into many United States waters, 
in some of which it has thrived. It is a good game fish, but Hen- 

Fic. 22.—Brown trout or von Behr trout (Salmo fario). 

shall says it is not as gamy in this country as the eastern trout 
(Salmo fontinalis). It will endure warmer water than S. fontina- 
lis and may be suited to depleted trout streams which, owing to 
change of conditions, are unsuited to the brook trout. Day says: 

The food which trout consume is of various descriptions. One of about 14 
pounds weight, taken in June, 1882, in the Tweed, was found to contain 11 
small trout and 1 minnow. They do not object to little fish, as the minnow, 
loach, sticklebacks, ete., water rats, young birds, frogs, snails, slugs, worms, 
leeches, maggots, flies, beetles, moths, water spiders, and even a lizard (Field, 
October, 1885). They will swallow one of their own kind two-thirds as large 
as themselves. In Mr. Buckland’s museum was an example, the stomach of 
which was distended by 2,470 eggs of apparently the salmon. 

BREEDING HABITS AND PROPAGATION. 

Regarding their breeding habits, Day continues: 
Trout commence breeding in their second year or prior to their attaining 

24 months of age, and often later in the season than their parents. The 
males are more forward than the females, but at this early period of their 

16 Fishes and Fishing in Sunapee Lake. By William Converse Kendall. Report of the 
Commissioner of Fisheries for 1912. Bureau of Fisheries Document 783, p. 45. 

61976°—23 5 
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lives the probabilities of the ova being healthy and fertile are less than in 
somewhat older examples. At first the number of males appears to be in ex- 
cess of the females, but the mortality among them is greater than those of the 
other sex, until at 3 or 4 years of age the proportion may be expected to be 
about the same, and subsequently the females predominate. The number of 
eggs produced by each female trout has been roughly estimated at 800 for 
every pound’s weight of fish, which computation has been observed at the 
Howietoun breeding ponds to be fairly accurate. * * *, The period at 
which these fish breed varies in different rivers and districts, extending from 
October until February, and even, although rarely, to March. * * *, Although 
trout generally migrate into the smaller contiguous brooks to breed, large 
ones are more frequently found forming redds in the broader streams than 
are smaller fish; but it is by no means rare to find large examples having 
taken possession of pools in burns. The trout’s redd or nest is a mound of 
gravel which would fill one or even two wheelbarrows, and when by probably 
causing a shallow may assist in aerating the water. The eggs themselves lie 
loose among the gravel at from 1 to 2 feet below the surface. 

From the foregoing account of the brown trout it would not seem 
to be a very desirable acquisition in waters where the indigenous 
fish fauna is wholly satisfactory. 

In connection with the foregoing comment on the probable un- 
desirability of the brown trout in American waters the following 
extracts from opinions expressed by fish-culturists concerning the 
predacious habits of the fish are of interest: ** 

The largest trout caught in 1894 were (1) a German brown weighing 84 
pounds, (2) a rainbow weighing 384 pounds, (3) a fontinalis weighing 2 
pounds 9 ounces. 

Some years ago the club planted as an experiment some German brown 
trout (Salmo fario) and a few of the rainbow variety (Salmo irideus). The 
former have proven to be very undesirable tenants of the stream. They grow 
to an enormous size, are very coarse, and are very destructive to the other 
fish. For the past two years a continuous effort has been made to rid the 
streams of these Germans. The rainbow trout are more beautiful and more 
desirable in every way, but they do not compare favorably with the fontinalis. 
In the future foreigners will not be encouraged in these waters. 

Speaking before the American Fisheries Society at Grand Rapids, 
Mich., in 1906, Dr. Tarleton H. Bean, at that time fish-culturist for 
the State of New York, said: *% 

The State propagates the brown trout to a much less extent than formerly, 
and its present policy is that it should never be planted in any waters con- 
taining brook trout. An expert angler friend of mine told me he got 10 
brown trout to 1 brook trout in the Beaverkill River. The cause of that is 
unquestionably (at least in the minds of the anglers, and it Seems reasonable) 
that the brown trout destroy the brook trout. If they do not they at any 
rate destroy the food of the brook trout, which amounts to the same thing. 
There is now a continual desire on the part of the New York commissioner 
to refuse applications for brown trout, and he does refuse them for waters 
already containing brook trout. They are suitable for some waters, undoubt- 
edly waters which contain no other trout, and they have done very well there. 

The following is extracted from a letter written November 2, 1905, 
by State Fish Commissioner W. E. Meehan, of Pennsylvania. 

We have had a great deal of trouble, and much disaster has followed the 
planting of brown trout in some of our brook-trout streams. 

17From a book of the Castalia Trout Club, Castalia, Ohio. By Frank C. Hubbard. 
Published in 1905. : : ? 

18 Transactions of the American Fisheries Society, 1906. 
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In a letter written January 7, 1921, John W. Titcomb, at that time 
fish-culturist of the New York Conservation Commission, stated: 

I personally feel a pang of regret every time I see a German trout intro- 
duced into a new field to compete with the fontinalis. 

DESCRIPTION. 

The following description of the brown trout is taken from “ Food 
and Game Fishes of New York,” by Tarleton H. Bean, in the seventh 
report of the Forest, Fish, and Game Commission of the State 
of New York, 1901: 

The body of this trout is comparatively short and stout, its greatest depth 
being contained about four times in the length without the caudal. The 
eaudal peduncle is short and deep, its depth equal to two-fifths of the length 
of the head. The length of the head in adults is one-fourth of the total length 
without caudal or slightly iess. The diameter of the eye is about one-fifth the 
length of the head, and less than length of snout. The dorsal fin is placed 
nearer to the tip of the snout than to the root of the tail; the longest ray of 
this fin equals the distance from eye to the end of the opercle. The ventral 
is under the posterior part of the dorsal; its length is about one-half that of the 
head. The adipose is placed over the end of the anal base; it is long and ex- 
panded at the end. The caudal is emarginate in young examples, but nearly 
truncate in specimens 10 inches long. The pectoral is nearly one-sixth of the 
length without the caudal. In the male the jaws are produced, and very old 
ones have a hook. The maxilla extends to the hind margin of the eye. The 
triangular head of the vomer has a transverse series of teeth, and the shaft 
of the bone bears two oposite or alternating series of strong persistent teeth. 
* * * 

On the head, body, and dorsal fin usually numerous red and black spots, the 
latter circular or X-shaped and some of them with a pale border; yellowish 
margin usually present on the front of the dorsal and anal and the outer part 
of the ventral. The dark spots are few in number below the lateral line. 
The ground color of the body is brownish or brownish-black, varying with food 
and locality. 
Names.—In European countries in which this species is native it bears the 

name of trout or brook trout or the equivalents of these terms. In Germany it 
is bachforelle; in Italy, trota; in France, truite. In the United States it is 
known as the brown trout and von Behr trout, the latter in honor of Herr von 
Behr, president of the Deutscher Fischerie Verein; who has been very active in 
the acclimation of the fish in America. 

Distribution.—The brown trout is widely distributed in continental Hurope 
and inhabits lakes as well as streams, especially in Norway and Sweden. ‘Trib- 
utaries of the White Sea, the Baltic, the Black Sea, and the Caspian contain this 
species. In Great Britain it lives in lakes and streams and has reached a high 
state of perfection ; in Germany and Austria, however, the trout is a character- 
istic fish, and our supply has been drawn principally from the former country. 
Moreau found it at an elevation of 7,000 feet in the Pyrenees, and a color va- 
riety is native to northern Algeria in about 37° north latitude. In the United 
States the brown trout has been successfully reared in Colorado at an elevation 
of nearly 2 miles above sea level; it is now well established in New York, 
Pennsylvania, Maryland, Missouri, Michigan, Wisconsin, Nebraska, Colorado, 
and several other States. This trout has proved to be well adapted to the 
region east of the Rocky Mountains, which has no native black-spotted species, 
though the western streams and lakes contain many forms in a high state of 
development. 

Size——Under favorable conditions the brown trout has been credited with a 
weight of 22 pounds and a length of 35 inches. In New Zealand rivers, where 
it was introduced with unusual success, it now approximates equal size; but in 
most localities 10 pounds is about the limit of weight and 5 or 6 pounds is 
a good average, while in some regions the length seldom exceeds 1 foot, and 
the weight ranges from 4 pound to 1 peund. In the United States a wild speci- 
men 7 years old weighed about 11 pounds. In a well in Scotland an individual 
aged 15 years measured only about 1 foot in length. These illustrations will 
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serve to show how much the growth of a brown trout is affected by its sur- 
roundings and food supply. The species has been known to become sexually 
mature when 2 years old and § inches long. 

Habits.—The brown trout thrives in clear, cold, rapid streams and at the 
mouths of streams tributary to lakes. In its movements it is swift, and it 
leaps over obstructions like the salmon. It feeds usually in the morning and 
evening, is more active during evening and night, and often lies quietly in 
deep pools or in the shadow of overhanging bushes and trees for hours at a 
time. It feeds on insects and their larve, worms, mollusks, and small fishes, 
and, like its relative, the rainbow trout, it is fond of the eggs of fishes. In 
Europe it is described as rising eagerly to the surface in pursuit of gnats, and 
it is said to grow most rapidly when fed on insects. 
Reproduction.—Spawning begins in October and continues through December 

and sometimes into January. The eggs are from one-sixth to one-fifth of an 
inch in diameter and yellowish or reddish in color; they are deposited at inter- 
vals during a period of many days in crevices between stones, under projecting 
roots of trees, and sometimes in nests excavated by spawning fishes. The 
parents cover the eggs to some extent with gravel. The hatching period varies 
according to temperature from 40 to 70 days. Females aged 3 years furnish 
on the average about 350 eggs each, but individuals of this age have yielded as 
many as 700, and even at the age of 2 years Some females produce from 400 to 
500. When they are 4 to 5 years old, the number of eggs has reached 1,500 to 
2,000. The young thrive in water with a temperature of about 50° F. Sterility 
in the females is common, and breeding females have been observed to cease 
reproduction when 8 years old. 

Qualities.—The brown trout is in its prime from May to the last of September. 
Its flesh is very digestible and nutritious and deeper red than that of the 
salmon when suitable food is furnished. The flavor and color, however, vary 
with food and locality. Insect food produces the most rapid growth and best 
condition. This species has been so long known as one of the noblest of the 
game fishes, and its adaptability for capture with artificial flies because of its 
feeding habits is so well understood that I need not dwell on these familiar 

details. 

DISEASES COMMON TO TROUT UNDER DOMESTICATION 
AND THEIR TREATMENT. 

Trout in artificial environment are subject to various ailments, and 
little definite knowledge is available as to the causes or prevention of 
such ailments. The more simple and obvious preventive measures 
are (1) the utmost cleanliness in and about the hatchery, troughs, 
and ponds, and all equipment used in connection therewith; (2) care- 
ful handling of eggs, fry, fingerlings, and adult fish at all times; (3) 
a carefully selected diet of materials free from contamination of any 
kind; (4) an abundant flow of uncontaminated water through all 
ponds and troughs. 

Most of the diseases to which trout fingerlings and adults are sus- 
ceptible may be traced to some form of parasitic animal. Where 
these parasites attack the fish externally a number of methods of 
treatment, all more or less effective, have been prescribed. One of 
the most simple of these consists in immersing the affected fish in a 
solution of salt or cider vinegar. More recently certain chemicals, 
including copper sulphate and potassium of permanganate, have 
been used with success. In certain instances bicarbonate of soda, ap- 
plied with a brush to the affected parts of adult fish, has proven 
efficacious. 

Parasites occurring in the intestines or other internal organs are 
less responsive to treatment, and internal medication of fish of any 

12 A New Bacterial Disease of Fresh-Water Fishes. By H. S. Davis. Bulletin. of the 
Bureau of Fisheries, Vol. XXXVIII, 1921-22. Bureau of Fisheries Document 924, 
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size or age is hardly practicable, and hope of eradication must lie 
along other lines. Sanitary conditions in and about the hatchery 
are undoubtedly important in this connection, and it has been sug- 
gested that some of these diseases may be carried in the eggs of fish 
that are “carriers” of disease. Eggs taken from such trout would 
seem almost certain to have mixed with them matter from the intes- 
tinal tract that would contain these organisms.. It is possible that 
these might survive and develop in such a manner as to infect the fry. 
The Twelfth Annual Report of the New York Conservation Com- 

mission for 1922 contains a description of some of the parasitic dis- 
€ases common to trout under domestication, and the following notes 
on the subject are extracted therefrom: *° 

Hatchery diseases—Al1l fish hatcheries suffer annual losses of fish from 
disease. The combating of these maladies and the keeping of the losses from 
them within bounds presents one of the most serious problems of fish culture. 
There is wide variation between hatcheries as to trouble with disease. Some 
are practically free from epidemics, in others disease conditions are so 
severe as to restrict the kinds of fish which can be reared in them. The 

_ most obvious difference between hatcheries is the water supply, and it was 
decided to make a study of that feature as throwing valuable light on the 
water conditions most favorable to fish life. Such information is needed 
for the setting up of standards for the permissible pollution of streams. 

Ground covered.—Recurrence of an epidemic of “ whirling sickness”? among 
the brook trout fry at Bath hatchery was reported early in the season, and the 
whole problem at that hatchery was given intensive study. Later the other 
hatcheries were examined for this and other diseases. Most diseases found 
were given some study, but special efforts were directed toward the par- 
ticular disease above mentioned. - 

OCTOMITIASIS. 

“Whirling sickness” or “gill trouble.’—This disease is of long standing 
and practically universal. It attacks all kinds of trout and may cause heavy 
mortality. It is caused by a minute parasite of the intestine (Octomitus 
salmonis). The symptoms of what appears to be this disease have been 
described and the causative organism, or one closely allied to it, has been 
figured, but the two seem heretofore not to have been connected. 
Symptoms of the disease—Apparently this disease is confined to the intes- 

tines, and no external lesions have been thus far observed. Badly infected 
trout fingerlings have a characteristic behavior which aids in diagnosing the 
disease. Balance seems easily lost, and the fish turn over repeatedly with 
a “whirling” or ‘‘ corkscrew” motion in the water. Too weak to make 
headway against the current, numbers of them are found in the corners at 
the foot of the trough or nosing along the sides near the surface. They lie 
on their backs with gills distended and in feverish action. The walis of the 
intestines themselves become translucent, whitish or yellowish in color. 
They are filled with a watery fluid, in which the active organisms swim 
about.: ie Fi ic: 

Distribution. —Probably this disease exists in wild fish, but under natural 
conditions causes little harm or inconvenience. In the crowded condition of 
a fish hatchery the disease seems to be aggravated and may assume the pro- 
portions of a deadly epidemic. It was found in all our trout-rearing hatch- 
eries, but was not serious in all. Until more is known of the disease this 
difference can not be explained with certainty. Adverse conditions in the 
water supply may well contribute to the intensification of the malady. Thus, 
water low in dissolved oxygen, or high in deleterious substances, might 
lower the degree of resistance of the fish to the disease. Further study of this 
relation is needed. 

Transmission.—Octomitus salmonis in ordinary form probably can not long 
exist outside of the intestinal tract of the fish. It can not readily be de- 

2° Diseases of Fish in State Hatcheries. By Emmeline Moore. Twelfth Annual Report 
of the New York Conservation Commission for 1922 (1923), p. 66. Albany. 
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tected in fish that have been dead for more than a few hours. It forms 
eysts and in this form may survive outside the fish for long periods. It 
seems probable that the disease is transmitted by such cysts in the excre- 
ment, which, if eaten by other fish, might become active and infect the new 
hosts. It is evident that hatchery water should be protected from infection 
by keeping it free from fish when this is possible. It was thought that it 
might be derived from frogs, but, though these animals are plentifully 
infested by a somewhat similar form, this particular one was not found in 
them. 

COSTIASIS. 

Occurrence.—Costiasis, a disease rapidly fatal under hatchery conditions 
to many species of fish and to which trout are particularly susceptible, 
appeared at one of our hatcheries early in June. Barly recognition enabled 
remedial measures to be taken promptly and it was stamped out. Delay would 
have doubtless cost us hundreds of thousands of young trout. This disease 
was also found in other hatcheries. 
Symptoms.—Fish die suddenly at any point in the trough. Loss of appe- 

tite and a frayed, slimy, and grayish appearance of the fins are the most 
readily recognized symptoms. Viewed against a piece of glass the attacked 
fin shows a clear area where the outer surface of the skin is sloughing away. 
Unfortunately, when these symptoms become evident to the unaided eye, the 
disease is far advanced. 

Costia, necatriz.—Costiasis is caused by a small protozoan parasite (Costia 
necatriz) which destroys the cells of the skin and other membranes. Once 
established it rapidly covers the entire body of the fish. In the final stage 
the gills are attacked and the fish dies of suffocation. Costia attach them- 
selves under the edges of the epithelial cells and multiply with great rapidity. 
An exudation of slime issues from the diseased skin, marking the affected 
areas. 

Transmission.—Costia appear to have a free swimming stage, during 
which they may pass from fish to fish. They also form resistant cysts, both 
on the fish and on the bottom of the troughs. It has been suggested that 
the use of fresh-water fish as food for hatchery trout may result in the 
introduction of the disease. Further study is necessary. 
Remedy.—Remedial measures suggested in the literature on the subject 

have been tried out with success. The process consists in placing the fish in 
a 24 per cent solution of salt in water (21 pounds of table salt to 100 gallons 
of water). Fish are left in this bath from 10 to 15 minutes, or a less time 

if distressed. This kills the attached and free-swimming forms. Four treat- 
ments at intervals of three days are required to kill the young as they 
emerge from the cysts. Best results are obtained by adding sufficient salt 
to the water in the trough in which the infected fish are. This treatment 
must be applied to both fish, infected troughs, and utensils. Additional work 
on these measures and the life history of the caustive organism is needed. 

GYRODACTYLIASIS, 

Fin disease.—Two of our hatcheries were infected with fin disease, or 
Gyrodactyliasis. This disease is probably widespread, frequently epidemic 
in hatcheries among fish of all species and all ages. Trout, particularly the 
brook trout, are especially susceptible. It is caused by a flatworm or fluke 
(Gyrodactylus), so called from its resemblance to a gyrating finger as it 
protrudes from the layer of slime over the affected skin. The animal itself 
is equipped with an anchor disk, by which it attaches itself to the fish, and a 
sucking organ for feeding. 
Symptoms.—Affected surfaces are covered with a bluish gray slime, most 

conspicuous on the fins. This copious production of slime may cause con- 
fusion between this disease and Costiasis. Fins are apt to be most severely 
affected; in advanced stages they become frayed so that the rays project as 
spines, or may be reduced to mere stubs. The disease is not always fatal. At 
times open sores are produced at the bases of the fins, a condition which causes 
death in a short time. With a microscope diagnosis is simple and certain, as 
slime scraped from affected parts will contain adults, young, or both forms of 
the parasite. The worm itself is transparent and exceedingly active, moving 
backward or forward, looping along like an inch worm, or gyrating. 
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Remedial measures.—No cure for this disease has yet been found. Exter- 
nal application of some solution is indicated. Salt solutions are not efficacious; 
thorough sanitation may be of assistance. Diseased fish should be isolated 
or destroyed; infected troughs and implements sterilized. Experiments with 
curative measures are in progress. 

At the Neosho (Mo.) station of the bureau a 1 to 15 solution 
(approximately) of cider vinegar has been found effective in treat- 
ing this trouble. The solution is prepared in a tub or any suitable 
vessel; the affected fish are removed from the trough with a dip net, 
immersed in the solution for a period not to exceed 8 to 10 seconds, 
and are returned immediately to fresh running water. The fish 
should be watched closely while in the solution and not retained in it 
beyond the point where they manifest undue distress by turning on 
their sides. Because of the variation in the strength of cider vine- 
gar a 1 to 15 solution will not always give the best result. It would 
be well, therefore, for the practical fish-culturist to note the effect 
of his solution on a limited number of fish before treating the en- 
tire lot. 

Trout eggs and fry, as well as fingerling and adult trout, are sub- 
ject to disease. Perhaps the more common affections are the so- 
called “ white spot disease” and the “ blue sac,” some notes on which 
are appended. The discussion pertaining to the white spot disease 
is quoted from a report on the subject by Dr. Franz Schrader, while 
the discussion of the blue sac is taken from a memorandum by Dr. 
Adrian Thomas. 

WHITE SPOT DISEASE. 

This trouble manifests itself by the appearance of an opaque or white area 
in some part of the embryo, very generally the yolk. There the gradually 
expanding milky white area is very noticeable in its semitransparent sur- 
roundings, and the affected eggs are easily recognized, even in the early stages 
of the disease. Any stage of development up to the complete absorption of 
the yolk sac may show the infection, and its appearance has come to be 
recognized as certain death to the affected specimen. Although by no means 
confined to the eggs, it is in the eggs of salmonoid fishes that it is most con- 
spicuous and most easily observed. 

The hypotheses of fish-culturists as to the cause or causes of white spot 
are more or less indefinite. Weakness of the parent fish, water temperatures, 
rough handling, holding of the adult fish under unfavorable conditions during 
the spawn-taking period, are some of the more common causes ascribed. In 
connection with the last one mentioned the belief is held by some experienced 
fish-culturists that the transfer cf spawning fish from one pond to another 

just prior to the spawning period may be conducive to white spot, and that 
such contemplated transfers of adult fish should be made well in advance 
of spawning or not until after that function has been accomplished. 

More serious attempts to clear up the nature of the white spot were made 
by Bataillon (1894) and Hofer (1892). The former was concerned with what 
was apparently an epidemic of the disease and obtained pure cultures of sev- 
eral bacteria from the dying eggs, one of which proved pathogenic from cold- 
blooded animals. Hofer also attributed the disease to bacterial agency, al- 
though he was unable to obtain pure cultures and found Bataillon’s account 
too indefinite to render a comparison of the organisms concerned of much use. 
He was inclined, however, to believe that infection occurred through the agency 
of unclean packing material or the water from contaminated ice, since he ob- 
served disease only in eggs that had undergone shipment. Shipment might 
also weaken the eggs so that they would be more susceptible to bacterial in- 
vasion than untransported ova. According to him both single isolated eggs, 
as well as the entire contents of hatching troughs, may be affected. 

It must be recognized at the outset that any disturbance that will cause a 
refraction of light at any location in the homogeneous transparant yolk will 
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give rise to an opacity or white spot at that place. It is therefore entirely 
possible and even probable that the disease may have more than one cause, 
and that its progress is variable. Certainly the ordinary occurrence is not 
epidemic in character, differing thus from Bataillon’s case and some encoun- 
tered by Hofer. 

General morphological features.—The yolk of trout fry that have just started 
the absorption of the sae presents a characteristic appearance under normal 
conditions. Beneath the enveloping layer of cells are located the embryonic 
blood vessels and what might be called an absorption area. The latter har- 
bors periblast cells more or less irregularly distributed and surrounds the 
yolk, which is structureless and homogeneous under ordinary magnification, 
and takes a dense stain. 

In yolk affected by white spot the diseased region showed uneven extent of 
the absorption area, Various stages of disintegration characterized such pic- 
tures, tracts of transformed yolk and yolk spheres of various sizes penetrating 
into the still unaffected material. Blood vessels follow the advancing dis- 
integration, so that they are often found in the center of the yolk, whereas 
under normal conditions at such a stage of development they are entirely at 
the surface. Location of the white spot in the yolk sac is variable, but in a 
general way the following may give some idea of the distribution. The 
diseased specimens were Loch Leven fry from Saratoga, Wyo. (early stage of 
sac absorption), 42 being examined. 
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In no case was the spot located entirely in the interior of the yolk; that is, 
it always came in contact with the yolk enveloping cell layer at some point. 

The question of bacterial agency.—In some cases bacteria are certainly in- 
volved. Examples were furnished by rainbow-trout eggs from Cape Vincent, 
N. Y. (stage shortly before hatching), which had been shipped there from 
Wytheville, Va., some weeks previously. Microscopie examination showed at 
least two kinds of bacteria present in the disintegrating yolk, and these were 
found side by side in the individual cases or also in seemingly pure cultures. 
The affected yolk had broken up as usual, and the bacteria were clustered 
most thickly around the yolk spheres. Similar conditions were observed in 
the few cases of the disease present in brook-trout eggs from a hatchery at 
Taunton, Mass. 

3ut this serves to show only that bacteria may be involved in the progress 
of the disease—not that they are to be considered as causative agents. The 
random distribution of diseased eggs among healthy eggs is a fair proof in itself 
that the infection is not contagious or, better, that normal and healthy eggs 
are not attacked by the bacteria. There must, then, be a predisposition in some 
eges that renders them liable to infection. It is of some note to observe that 
eggs with high mortality rates had generally (not always) undergone ship- 
ment from a more or less distant station. Naturally they had, therefore, under- 
gone a certain amount of rough handling, and this made it very possible that 
the primary cause of the disease was to be found in some injury thus sus- 
tained by means of which the bacteria gained access to the yolk. To gain 
some data on this point, 200 brook trout in the fry stage (yolk sac at early 
stage of absorption; fry, 18 mm.) were isolated and the yolk sac of each 
pricked to a slight depth with a sharp needle. In a few cases the fishes were 
injured in the operation, and in still others the wound caused partial loss of the 
yolk. In what may be called successful, operations the wound caused no loss 
of yolk and appeared only as a very small white area at the surface of the lat- 
ter, the fishes showing no immediate ill-effects on liberation. One hundred 
uninjured fry were kept under similar conditions for control purposes. After 

10 days a little more than 25 per cent of the operated fishes had entirely recov- 

ered and showed no signs of the injury, and somewhat less than 50 per cent 

showed a growth of the artificially produced white opaque area, A third of 

the latter died in the course of these 10 days. Development of fungus elimi- 

nated a greater part of the remaining 25 per cent. Of the control 2 per cent 
died during this period, neither they nor the survivors showing a definite 
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development of white spot. Twelve of the fishes experimented upon that 
showed a growing white spot were examined and all showed severe bacterial 
infection. Several kinds of bacteria were involved, one of which seemed iden- 
tical with one of the forms observed in natural infections. However, all of 
them were apparently effective in the destruction of the yolk. Similar infec- 
tions were also observed in the eggs of landlocked salmon which had been 
subjected to the same treatment. 

The difficulty of making exact bacteriological tests is apparent, since the injec- 
tion of any pure cultures into healthy eggs will also cause the wound that 
opens a pathway for the general bacterial fauna in the water. The use of sterile 
water in the hatching operations of such experimental eggs would, of course, 
solve this difficulty, but practical difficulties in the use of such water have here- 
tofore made these tests impossible. 

Sufficient data is furnished by the observations and experiments set forth, 
however, to indicate that bacteria are not to be regarded as primary agents in 
the common form of white spot. That various bacteria are instrumental in 
the disintegration of the yolk is not to be doubted, but the yolk must be re- 
garded only in the light of so much inert organic matter which, once deprived 
of its protective covering, is open to the attack of all saprophytic and holophytie 
bacteria. It is a rupture of the yoke envelope that furnishes the primary 
cause, and only the growth and spread of the spot is due to the bacteria. 

Periblast activity—The white spot cases involving bacteria furnish only one 
group, a group which, peculiarly enough, does not seem as large in numbers 
as that which is now to be discussed. In these cases the most careful micro- 
scopie scrutiny revealed no indication of bacteria, although the disintegration 
phenomena do not differ materially. The most remarkable feature is fur- 
nished by the periblastic cells. They are found throughout the disintegrating 
region, augmented in number as compared with normal eggs and embryos, but 
extremely active, judging from their lengthened form. It may be repeated that 
diseased eggs are generally found side by side with healthy ones. The affec- 
tion is therefore not transmissible to normal eggs, and periblastiec action just 
as much as bacterial infection must have the ground prepared for it by another 
factor, which is therefore the primary agent. Eggs showing such periblastic 
activity were obtained from Hartsville, Mass.; Saratoga, Wyo.; La Crosse, 
Wis.; and St. Johnsbury, Vt. Those from the two last-named points had under- 
gone railroad transportation. The Saratoga occurrence was attributed by the 
superintendent of that hatchery to chilling of the freshly stripped eggs, some- 
thing which might also have taken place in the case of the Hartsville eggs (the 
weather was cold at the time of egg taking), although no definite data was 
obtainable. It was of some significance that the eggs from La Crosse showed 
eases of bacterial infection, other cases wherein periblasts alone were active, 
and, finally, a few cases that showed bacteria and periblasts side by side in the 
disintegrating yolk. If mechanical disturbance was instrumental in introduc- 
ing bacteria, and if it consisted in actual rupture of the yolk envelope, it could 
not have been responsible for the periblastie activity. In other words, since 
the bacteria involved were undoubtedly present at La Crosse, a rupture should 
give access to bacteria in one case as well as in another. Mechanical injury 
without rupture of the envelope—that is, shock or concussion—is then left as 
a possibility. An attempt was made to duplicate the conditions produced through 
eoncussion by dropping a wooden box containing 200 landlocked salmon eggs 
from a height of 3 feet. Two hundred normal eggs were kept for control. At 
the end of 10 days 10 of the former lot showed indications of white spot, while 
6 showed it in the control, a difference of 2 per cent. This is certainly not 
Significant enough to admit of any conclusions, save that eggs at that stage 
of development (immediately before hatching) are extremely resistant to con- 
cussion. A repetition of the experiment with younger eggs is therefore nec- 
essary, especially in view of the fact that experience has proved the early 
stages more susceptible to injury of any kind. 

Unfortunately no experiments could be conducted in connection with the 
possible effect of chilling and freezing the eggs. The temperature factor is 
liable to be very important in clearing up the periblastie activity, and there 
should be little difficulty in the future in working out the relations. 

The necessity of more experimental data is thus plainly apparent. Sufficient 
evidence is available, however, to point to physical injury of some kind as the 
eausative agency of the common occurrence of white spot. It seems more or 
less of a truism to recommend more careful handling of fish eggs, but such a 
recommendation points only toward the greatest possible elimination of dis- 
tance shipments at present. Although so crude at the first glance, the “ bulk” 
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method of shipping eggs may possibly be more safe than the careful tray method, 
simply because it confines scratching of the eggs to the outer layers, keeping 
the inner ones intact. On the trays, however, each egg is carefully placed on 
cloth, which, of course, exposes it to friction with rough places in the latter 
and also stray bits of packing material. Careful statistical scrutiny of ship- 
ping records should decide this, however, since no reliance can be placed on 
individual shipments, wherein the amount of rough handling is so exceedingly 
variable. 
Summary.—(1) Both bacteria and periblastic activity are instrumental in 

the progress of white spot as it commonly occurs. (2) Neither of these fea- 
tures can be considered as the primary cause, however, since either can occur 
only in “predisposed” eggs. (38) ‘* Predisposed ” eggs are those which have been 
subject to physical injury of some kind. 

BLUE SAC DISEASE. 

This disease is otherwise known as Hydrocele embryonalis or yolk-sae 
dropsy. Dr. Bruno Hofer, in his ‘‘ Handbuch der Fischkrankheiten,’” treats 
of this affection, and in doing so says that many breeders agree that it is 
probably due to shock or pressure to the eggs, though nothing appears to be 
certain concerning the etiology. 

The disease appears sporadically, the first symptoms being an enlarged sac, 
which after a time becomes so weighty that the fry are unable to rise to the 
surface. After a few days the sac usually bursts, resulting in the death of the 
fry in a few hours. 

The sac appears to contain a serous fluid, which surrounds the yolk and at 
times assumes a bluish tinge, hence the name blue sae. The disease seldom 
appears after the yolk sac has been nearly absorbed but usually attacks the 
fish during the first week after hatching. 

Hofer seems to think that the disease is caused by rough handling of the 
eggs, whereby they receive shocks or jars or are injured by too much pressure 
during stripping. He also mentions the probability of the disease being caused 
by the taking of eggs from brood fish that are too young, and says that pre- 
caution should be taken against the taking of eggs from very young females; 
also that care should be exercised in handling and packing for transportation, 
and that eggs prepared for shipment should be packed in an abundance of soft 
insulating material, such as moss, ete. 

It has been suggested that improper fertilization may be responsible for the 
disease. Improper fertilization may not be exactly the correct term, but it is 
well known that any injury to eggs or sperm will produce monstrosities or 
diseased offspring. 
Up to this point no definite cause of or remedy for the disease is known, 

though several possible causes and their prevention have been mentioned. 
L. von Betegh has made a study of the disease. Its sporadic occurrence led 

him to believe it infectious, and he attempted to isolate the specific organism 
causing the malady. 

In the serous fluid of the yolk sac he found a diplobacillus in pure culture. 
This organism he proposed to name Diplobacillus liquefaciens piseium. Von 
Betegh concluded that the organism he found may be regarded as the specific 
cause of the disease. Though he states that further experiments will later 
be reported on, it does not seem that the mere presence of this diplobacillus is 
evidence that it causes the disease, yet it is not improbable that it does. 

We must look for all diseases of young fish to arise from.one of two causes, 
namely, infection or injury to the eggs. It is highly probable that this disease 
may be prevented in a hatchery if the hatching apparatus is kept perfectly 
clean, all fish suspected of disease are immediately removed and destroyed, 
and care is exercised in handling the eggs and fish. The stripping of eggs 
from very young brood stock should also be avoided. 

George A. Seagle, former superintendent of the bureau’s Wythe- 
ville (Va.) hatchery, speaks of the diseases occurring among the 
rainbow trout at that station, as follows: 

The diseases most frequently occurring among rainbow-trout fry under do- 
mestication are an inflammation of the gills and a slimy skin affection. The 
causes of these diseases are not well known, but improper food, water pollu- 
tion, or insanitary conditions of any kind are among the most probable. By 
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closely watching the movements of the fish the symptoms can usually be de- 
tected before an alarming stage is reached. 

When the gills are affected, the fish as a rule swim high in the water in an 
uneasy restless manner, as if gasping for breath. As soon as such a condition 
is detected the gills should be examined for inflammation or swelling. In 
the case of a skin disease the fish ordinarily indicate its presence by rubbing 
on the bottom of the trough or against any convenient surface. They dive 
with a quick twisting motion against the trough bottom. If the disease is not 
promptly checked it will soon reach a stage where nothing can be done. 

One of the best remedies known for both these disorders is salt, which is 
sprinkled through the ponds or troughs after the water has been drawn low, 
about half a pint of salt being used to each gallon of water. In extreme 
eases the fish are always treated in the troughs, and in addition to the 
salt a half pint of apple vinegar is allowed to each gallon of water. These 
are the proportions for large fish; for lots which are small and weak the 
proportion of both salt and vinegar must be reduced. The fish are closely 
watched and allowed to remain in the solution only until they begin to turn 
on their sides, showing plainly that they have stood all they can endure. 
Fresh water is then turned on freely and distributed among the fish with the 
hand. As the fresh water fills the trough a slimy white scum rises and floats 
on the surface of the water. 

Fungus, ‘‘ blue-swelling,” and other affections sometimes occur, but the most 
serious diseases of fry are those just described. 

During the dry weather of summer fry and fingerling fish are frequently 
affected by external parasites, which usually make their appearance imme- 
diately after a rain following a drought. They first attack the tail and fins of 
the fish, sometimes forming a fringe around the outer fin edges, and after 
consuming the slimy coating within reach they move up toward the body of 
the fish, leaving nothing behind them apparently except the bony sinews of 
the fins. Under such conditions the fish soon weaken and die, when the 
parasites leave them for other victims. 

Under the microscope the parasites appear to be small white worms, almost 
transparent, about 0.4 mm. or one-sixtieth-inch long and larger at one end 
than the other. The mouth is at the small end, and at the other are claw- 
like tentacles with which they fasten themselves to the fish. They appear 
to be continuously feeding upon the slimy coating of the fish, stretching 
themselves at full length and then drawing up until they resemble tiny rice 
grains. Their presence is indicated by the following symptoms: The color of 
the fish changes to a dark bluish-black; the fish swim high, dart around 
restlessiy, and in the last stages turn their tails to the current or seek quiet 
corners and remain there until they die. 

At some of the bureau’s stations where it has been found necessary 
to treat fish for parasites from one to three times each season it is 
customary to turn the fish from two adjoining troughs into one. 
The empty trough is then thoroughly cleaned, wiped with a cloth or 
sponge saturated with vinegar, and allowed to fill with water. If 
proper care is exercised in making the solution and the fish are 
handled carefully, this remedy will be found to work perfectly. 
The salt treatment alone merely causes the parasites to abandon the 
fish for a short time; it does not kill them, and they will resume 
their attack when the water supply again becomes normal. 
A very serious disease is sometimes encountered with adult rain- 

bow trout. Very dark spots, ranging in number from 2 or 3 up to. 
20 or 30 and in size from one-fourth inch to 1 inch in diameter, ap- 
pear on different parts of the body; a light spot about the size of a 
green pea forms on the head immediately over the brain. The fish 
refuse food and become restless; they jump and dart around as 
though frightened, settling back on their tails; they hide among 
the plants, seek shallow water in the corners of the pond, and finally 
sink to the bottom, dying within 24 hours after the appearance of the 
first symptom. 
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This disease was first encountered among a lot of von Behr 
(brown) trout that had been delivered at the bureau’s Wytheville 
(Va.) station on November 29, 1895. The first symptom was noted 
six days after their arrival, and by December 12, one week later, 
455 of them had died. During its first stages the fish were in the 
nursery, and the water in which they were being held passed through 
an empty pond into a second one containing about a thousand large 
rainbow trout that had spawned recently. On the morning of 
December 23 the disease was apparent among the rainbow trout, and 
by 4 o’clock of that day 56 had died. The water in the pond was 
drawn down promptly to about 300 gallons, and 150 pounds of com- 
mon salt was sprinkled through it. After holding the fish in this 
brine for 15 minutes fresh water was turned on freely and good 
results were at once noticeable. The fish hecame quiet and improved 
steadily, making a second application unnecessary. The final out- 
come of the experiment was that the mortality among the rainbow 
trout amounted to only 30 per cent, whereas the death rate on the 
untreated von Behr fingerlings exceeded 71 per cent. 

Foul ponds cause disease, and when fish become affected from 
that cause they must be removed at once to a clean pond and given 
a salt and clay bath, applying it in the following manner: While the 
salt bath previously described is being given, from 2 to 3 bushels of 
clay are placed in the reservior or supply trough, and when fresh 
water is turned on after the salting the pond is flushed for about 30 
minutes with roily water from the clay, and after the clay water has 
passed an increased supply of water is maintained for 10 days or 
more. 

Adult fish which have been bruised or scarred or have become 
emaciated are very liable to develop fungus. If the trouble origi- 
nates from an injury, it can often be cured before it spreads to the 
sound fiesh, but after the growth has spread like a slimy web over 
the entire body of the fish the case is hopeless. During the spawning 
season fish are especially susceptible to fungus, and they must be 
handled very carefully to avoid bruising or scarring in any way. 
If fungus makes its appearance, the affected fish should be caught and 
the diseased part treated with salt and with the vinegar solution. 
Jt should then be placed in a separate pond or tank with the view of 
giving it further treatment a day or two later. Any fish that are 
affected over the entire body should be removed from the pond at 
once and killed. 

Thyroid tumor is not an uncommon ailment among artificially 
reared trout. It affects the gills and may be encouraged by a gener- 
ally run-down condition of the fish or by insanitary conditions in 
and about the ponds and troughs. As preventives of disease, plenty 
of fresh water, scrupulous cleanliness, and the utmost care in han- 
‘dling eggs, fry, or adults are all-important factors. Many of the ail- 
ments to which the eggs under incubation and the fry in the early 
stages of development are subject—“ white spot,” “ blue sac,” ete.— 
may be traced, as a rule, to careless and improper methods of taking 
the spawn or handling the eggs during the incubation period. Sand 
sprinkled generously on trough or pond bottoms will facilitate the 
removal of the coating of slimy substance that frequently forms, and 
a small amount of salt occasionally mixed with the food is beneficial. 

O 
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INTRODUCTION, 

The work of the division of scientific inquiry consists primarily in 
the investigation of the biology of those species of fish and shellfish 
that form the basis of the fishery industries. In common with much 
scientific work the service of this division is, in the main, one step 
removed from direct contact with the business man. The biological 

1 Appendix VII to the Report of the U. S. Commissioner of Fisheries for 1923. B. F. 
Doc. No. 956. 1 
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facts pertaining to the fisheries, which are discovered through scien- 
tific investigation, are essential for the reason that adequate measures 
of conservation must be based on a knowledge of the biology of the 
fish. The actual administration of measures of conservation, how- 
ever, devolves upon other governmental and State agencies, and it is 
these agencies that directly perform the very necessary service of 
conserving the various fishery resources. Without scientific investi- 
gation, however, this direct service could not be properly conducted. 

The utilization of the fishery resources of the United States has 
gradually increased since the Colonies were first established, and the 
past decade or two has witnessed a remarkable growth in many of 
our fishery industries. Certain fishery resources have shown more 
or less marked signs of depletion for years; more of these resources 
are showing evidences of depletion each year; and, with the increased 
exploitation, which we can observe and which will in all probability 
continue, we can only look forward to the depletion of resources at 
present apparently unaffected and to the more serious affection of 
those already showing evidences of depletion. Such exhaustion does 
not necessarily become obvious to everyone while the process is going 
on, and it is only through careful scientific investigation that it may 
be determined before it has reached a dangerous stage. The work to 
be done is of a distinctly practical nature, but must be interpreted 
and conducted by means of biological and oceanographical knowl- 
edge. Such investigations were never so essential to the preservation 
of our fishery resources as they are to-day. 

The depletion of a fishery resource is not always the result of 
overfishing, although this usually is an important factor and in some 
instances apparently is the only one. Other factors of greater or 
less importance are the pollution of coastal and inland waters and 
the obstruction of streams by dams or other similar structures. 
Without regulation it is to be expected that the amount of pollution 
and the number of dams will tend to increase along with our in- 
creasing population and industrialization. Efforts to combat the 
various factors tending to deplete a fishery resource have been 
confined mainly to artificial propagation and to various legal re- 
strictions affecting the seasons in which, and the means whereby, 
the fish may be taken, the discharge or treatment of pollutants, and 
the construction of fishways over dams or of screens in irrigation 
ditches. 

It is the primary function of the division of scientific inquiry to 
determine, if possible, when depletion is taking place—or, still bet- 
ter, to determine when the condition of a fishery resource is such that 
depletion is likely to occur—and then to devise and propose means 
whereby such depletion may be prevented. Both of these are biologi- 
cal problems and, to be adequately solved, require a reasonably com- 
plete knowledge of the biology of the species in question. The more 
complete our biological information, the more perfect can be made 
the work of artificial propagation, and the better may the legal 
regulations be adjusted to the normal life of the various species of 
fishes so as to permit of the fullest possible exploitation of the re- 
source without endangering the continuation of the supply. 

It is with these things in mind that the scientific activities of the 
bureau are being directed more and more into studies pertaining to 
the biology, or life history, of the various fish and shellfish of com- 
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mercial importance. In.years past the bureau has sponsored much 
scientific work of the highest order but not bearing directly upon 
problems connected with the conservation of our important fisheries. 
Valuable .as this work in “pure science ” is, it is felt at the present 
time, and in view of the limited funds available, that precedence must 
be given. to investigations relating to, fishes of economic importance. 
Happily, these practical investigations yield a considerable measure 
of results of interest and value from the viewpoint of “ pure science,” 
just as research in “ pure science” has so frequently an ultimate, 
though often unexpected, practical application. ) 

The general plans for the scientific investigation of our fisheries 
are being made on as broad a foundation as possible. The funda- 
mental problem is to determine the factors affecting the abundance 
of any given species. One of the most important of these factors 
obviously is the abundance of food. The food of all fish and shell- 
fish is, either directly or indirectly, those minute forms of animals 
and plants found floating in both fresh and salt waters and collec- 
tively known as plankton. The abundance of plankton, however, is 
directly determined by various physical factors, such as tempera- 
ture, light, salinity, etc., and in the ocean the abundance of both 
fish and plankton in any given locality is dependent in great measure 
upon the oceanic currents in which drift the plankton and the eggs 
and young of many fishes. It is evident that the abundance of fish 
is determined to a considerable extent by various physical factors 
acting, in part indirectly, through the medium of the plankton. A 
comprehensive plan for the biological investigation of the fisheries 
must therefore include a study of these physical conditions, a study 
of the plankton, and finally a study of the fish and fisheries them- 
selves. By this means we may hope eventually to understand the 
ultimate and proximal causes of fluctuations in the abundance of any 
given. species, and this is the end of practical importance for which 
economic fishery investigations should be designed. All of these 
lines of inquiry are being given consideration, although emphasis 
is naturally placed on those investigations dealing most immediately 
with the fishes. 

During the past year many important investigations heretofore 
begun were continued and some new ones were inaugurated. Out- 
lines of the various studies that have been conducted will be found. 
in the following pages. 

The division has suffered a serious loss through the resignation 
of Dr. R. E. Coker, who had been in charge of the division since 
1915. Doctor Coker had been connected with the bureau since 1902 
and was thoroughly familiar with the various problems pertaining 
to the fisheries. The administration of the division has been aided 
greatly during the year by the advice and help that he has freely 
given. 

INVESTIGATIONS OF FISH AND FISHERIES. 

ATLANTIC COAST. 

FISHES OF THE GULF OF MAINE. 

For a number of years the bureau, in cooperation with the Museum 
of Comparative Zoology of Harvard University, has been conduct- 
ing an oceanographic and biological survey of the Gulf of Maine. 
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Special attention has been given to the fishes and the floating plants 
and animals (plankton) that compose the food of the fishes, as 
well as to the physical and chemical condition and the circulation 
of the waters of the gulf. Several reports on special phases of the 
survey have been published, but not until recently did the body of 
data warrant undertaking a general account of the fish fauna. Dur- 
ing the past year such an account has been completed by Dr. H. B. 
Bigelow and is now in course of publication. 

The aim has been to prepare a handbook for the ready identifica- 
tion of the fish occurring in the Gulf of Maine, and to present ‘a 
concise statement of what is known of the distribution of each, their 
relative abundance, and the more significant facts in their life his- 
tories. The descriptions have been made as simple as is compatible 
with scientific accuracy, and are limited chiefly to such external 
features as may suffice for identification in the field. As a further 
aid to identification, keys to all species have been provided. The 
area covered by the report includes the oceanic bight from Nan- 
tucket and Cape Cod on the west to Cape Sable on the east, thus 
including the shore lines of northern Massachusetts, New Hamp- 
shire, Maine, and parts of New Brunswick and Nova Scotia. The 
Gulf of Maine has a natural seaward rim formed by Nantucket 
Shoals, Georges Bank, and Browns Bank, but the 150-fathom con- 
tour has been taken as an arbitrary boundary because this includes 
all the species apt to be caught by commercial fishermen. 

STUDIES IN FISH MIGRATIONS—TAGGING OPERATIONS, 

As a part of a plan to investigate the biology of the important 
food fishes of the cod family (Gadide), an extensive experiment in 
tagging these fishes off the coast of New England had been inaug- 
urated. The tagging is intended primarily to throw light on the 
movements of the various species of fish between the different fish- 
ing banks and between the banks and the shore. The bureau’s 
steamer Halcyon is being used for this work and has been outfitted 
with appropriate fishing gear. The vessel left Gloucester for the 
first tagging cruise on the 16th of April and the first tags were at- 
tached on Nantucket Shoals. By June 30, 2,396 fish had been tagged. 
It is planned to attach a total of not less than 10,000 tags during 
the season. Cod, pollock, and haddock have been tagged, but by 
far the greater number has been cod. Some few returns have been 
obtained, but at this early date not even tentative conclusions can 
be given. The work has been conducted mainly by William C. 
Schroeder, with the advice and aid of Dr. H. B. Bigelow and Willis 
H. Rich. 
The tags used are small and made of a noncorrosive metal so that 

they will withstand the action of sea water, as it is expected that re- 
turns will be obtained over a number of years. Each tag bears a 
serial number and the initials U. S. B. F. As the fish are caught a 
tag is attached, a record is made of its length, and the fish is then 
released. A reward of 25 cents is being offered for each tag returned, 
together with information as to when and where it was obtained. 

In addition to the tagging experiment there are being collected 
material and data that will be used in other phases of the study of 
the fishes, such as the rate of growth, spawning habits, and age at 
maturity. 
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CHESAPEAKE BAY. 

Work on a report on the fish and fisheries of Chesapeake Bay has 
been continued during the year by S. F. Hildebrand and W. C. 
Schroeder. Gratifying progress has been made. A large collection of 
fishes is on hand, and much of it has been worked over and identifica- 
tions made. Many of the more important species are represented 
by large series of specimens, and from these considerable information 
is being derived as to the life histories, rate of growth, etc. Impor- 
tant data bearing on the extent and nature of the commercial fisheries 
have been collected and are being put into shape suitable for publi- 
cation. 

SALMONIDAD AND SMELTS. 

In the fall of 1922 work on the completion of important studies 
on the Salmonide and smelts of the Atlantic coast and coastal fresh 
waters was undertaken by Dr. William C. Kendall, a former assist- 
ant of the bureau. The greater part of this work involved the assem- 
bling and arranging of notes and the study and tabulation of data 
of several years’ accumulation. Most of the time was devoted to the 
smelt problem, with the result that work on it is somewhat further 
advanced than that on the Salmonide. The question of the relation- 
ship of trouts (Salmonidz) was also taken up from time to time. 
The problem is a complicated one and requires careful examination 
of many specimens from various localities and the tabulation of sta- 
tistical measurements and counts. The studies so far indicate that 
many of the supposed rainbow trout of the Northwestern States are 
steelheads. 

The smelts of the region referred to for years have afforded, and 
still afford locally, a valuable fishery in themselves as well as a valu- 
able food supply for other important fishes, but they are suffering 
gradual depletion. These studies have been undertaken with a view 
to developing information that may be utilized in the conservation of 
the species. In a popular account that has been completed during 
the past year regard has been given to geographical distribution, 
habits, breeding, food, rate of growth, sizes attained, mortality, ene- 
mies, history of the fisheries, methods of the fisheries (both commer- 
cial and angling), and to legislation and protection. A more tech- 
nical account has been begun. To throw hght on the hfe history of 
the smelts, the scales are being studied and many proportional meas- 
urements made to determine the relationship between the marine and 
fresh-water forms. The relationship of the fresh-water smelts from 
various localities has also been given consideration, and studies of 
their evolution, embryology, and anatomy, and classification as to 
families, genera, and species, have been made. 

LARVAL FISHES OF THE WOODS HOLE REGION. 

A study of the larval fishes of the Woods Hole region has been be- 
gun by Marie D. P. Fish, and a considerable quantity of interesting 
material has been collected. The study of larval fishes has been 
greatly neglected, very little information on the subject being avail- 
able. With the increased attention that is being given to biological 
studies of the various fishes, this sort of knowledge becomes of in- 
creasing importance. Attention is being devoted to the collection 
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and classification of larval fishes and also to certain features in their 
life history, especially their food and feeding habits, distribution, 
and growth. <A large collection made over a number of years by 
the late Vinal N. Edwards is available for study. The seasonal 
variation in abundance of 36 species has been studied during the year. 

FISHES OF KEY WEST. 

At the Key West station Isaac Ginsberg, the director, made an 
eftort further to build up the collection of a representative series of 
fishes, of that vicinity that was started several years ago. Many 
specimens were added to the collection and progress was made in the 
identification and labeling of the specimens. Data concerning the 
occurrence, seasonal distribution, and abundance of the local fishes 
also were collected. 

INTERNATIONAL COMMITTEE ON MARINE FISHERY INVESTIGATIONS. 

Two meetings were held during the year—the first in Washington 
on November 10, 1922, and the second in Toronto on May 4, 1923. It 
is gratifying to record that at the second meeting the newly elected 
member from France was present. The purpose of the committee is 
to secure coordination of the various investigations pertaining to 
marine fisheries conducted by the several member countries. Among 
the more important topics discussed are the following: ; 

Statistics of the deep-sea fisheries.—Information was given to the 
effect that the collection of the Canadian statistics is becoming more 
thorough. In the opinion of the committee it is desirable that each 
country represented should publish an annual statement of the total 
yield of the bank fisheries of the western Atlantic, and that the rep- 
resentatives of the several countries undertake to exchange the data 
for such annual statement. 

Tagging of fish.—Interest was expressed by the committee in the 
tagging of codfish, pollock, and haddock, which is being undertaken 
by the bureau on the banks off the coast of New England. 

Drift bottle experiments.—It was reported that a preliminary 
statement covering the more important results of the experiments of 
1922 had been prepared and that the account in its final form would 
be furnished the various countries represented for publication if de- 
sired. A plan for the season of 1923 was presented, which involved 
the putting out of drift bottles along 14 lines covering the coast from 
the Strait of Belle Isle to Vineyard Sound. 

Oceanographic investigations by the ice patrol service.—Apprecia- 
tion was expressed of the work accomplished by the ice patrol 
service. In the opinion of the committee this work should be ex- 
tended considerably in the future. 

Mackerel investigation.—The committee went on record as con- 
sidering it most desirable in the near future to initiate a comprehen- 
sive investigation of the mackerel. 

At the close of the year the committee consisted of the follow- 
ing members: For Newfoundland, D. James Davies; for France, E. 
LeDanois; for Canada, W. A. Found, Dr. J. P. McMurrich, and Dr. 
A. 8. Huntsman; for the United States, Dr. H. F. Moore, Dr. H. B. 
Bigelow, and W. H. Rich. 
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INTERIOR WATERS. 

COREGONINA OF THE GREAT LAKES. 

The investigations on the Coregonine, or whitefishes, of the Great 
Lakes have been continued; the field work was completed early in the 
fiscal year, and the attention of the investigators has for some 
months been directed toward the examination and comparison of 
collections and the compilation of data to be included in the final 
report. Dr. Walter Koelz is engaged in work on the systematic 
relations and natural history of the various species, while John Van 
Oosten is working on age determinations from the scales, the rate of 
growth, and allied problems. The problems involved in this investi- 
gation are difficult and will require considerable time for solution, 
but the progress made is regarded as most encouraging. 

The studies on the systematic relationships and natural history of 
the Coregonine were continued on Lake Superior and Lake Nipigon. 
In Lake Superior an additional form was discovered and data on 
the distribution of the coregonine fauna in the eastern section of the 
lake were collected. In Lake Nipigon seven species were found, 
all but one of them with representatives in the Great Lakes, and some 
ecological data were secured. The preparation of the report on the 
whitefishes and lake herrings of the Great Lakes is well advanced. 
Much additional material pertaining to the study of the life his- 

tories has been collected and our knowledge of the species materially 
advanced. Important information as to rate of growth, age at sexual 
maturity, average length of life, maximum age attained, and average 
length and weight at any year have been obtained. Where possible 
the variations in rate of growth in different localities are noted with 
a view to the planting of fry from hatcheries to the greatest ad- 
vantage. 
By obtaining two large representative collections of the lake 

herring taken from the same locality at the same season of different 
years, it has been possible to answer with confidence certain critical 
questions relative to the scale method of age determination as ap- 
plied to the whitefish. 

During the year a report on experiments carried out on whitefish 
of known age and life history was completed and is now in press. 
This report presents evidence to show that the correspondence be- 
tween the known age of the fish and the number of annul, or yearly 
rings, observed on the scales is exact and holds for old fish as well 
as for the young. 
Much aid has been given to these investigations by the Univer- 

sity of Michigan, particularly by Dr. Jacob Reighard, and also by 
the State department of conservation. A fine spirit of cooperation 
is manifested, which will materially aid and advance the work. 

MISSISSIPPI RIVER FISHES. 

The investigation of the fishes of the Mississippi Basin has been 
continued by members of the scientific staff at the Fairport labora- 
tory under supervision of the director, R. L. Barney. The work has 
been confined largely to the hackleback sturgeon, rock sturgeon, 
and sheepshead. <A considerable amount of material on the growth, 
food, sexual cycle, habits, etce., of both the rock and hackleback 

72260—24 2 
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sturgeons has been collected... There is evidence in both of these 
species that sexual maturity is not reached as early as in the case 
of the “scaled” fishes, and that, unlike these fishes, the reproduc- 
tive cycle is not an annual one. If these observations are corrob- 
orated by future work it will explain to.a considerable extent the 
ease with which the sturgeon. fishery has, been depleted. A large 
collection of dermal plates of both species of sturgeon has been made, 
together with data on weight, length, and the condition of.the sex 
organs. 
-The study of the natural history of the sheepshead has included 

observations on their habits in Lake Pokegama, Minn., and the col- 
lection of otoliths and scales (to be used in age determination), with 
records of length, weight, and sexual condition. These data have 
been supplemented by other data of similar character obtained from 
fishes taken at Fairport, Iowa. | 
Some observations have been made on the habits and natural his- 

tory of the channel catfish. 
Tagging experiments have been conducted at several localities in 

the Mississippi Basin for the purpose of obtaining information as 
to the migrations of several of the more important fishes. Over 
150 small hackleback sturgeon were tagged and liberated in the 
Mississippi River. A great many sheepshead were tagged and lib- 
erated at Lake Pokegama and at Fairport, Iowa. In cooperation 
with the Louisiana State Conservation Commission some 300 small 
paddlefish were tagged at Lucas, La. These fish were seined from a 
large borrow pit outside the river levee, tagged, and transported to 
the river. The fish were all of small size, presumably of the year, 
none being longer than 12 inches. In Lake Pepin, a wide section 
of the Mississippi River between Minnesota and Wisconsin, 1,660 
fish were tagged and liberated. These tagged fish were distributed 
among the various species as follows: Wall-eyed pike, 728; saugers, 
771; sheepshead, 16; carp, 42; buffalo, 108. At the close of the 
fiscal year comparatively few of the tagged fish had been recovered 
and no significant results had been obtained. It is hoped and ex- 
pected that future returns will be sufficient to give the information 
desired. 

DESTRUCTION OF TROUT BY PELICANS IN YELLOWSTONE NATIONAL PARK. 

During the summer of 1922 the bureau, in cooperation with the 
National Park Service, began an investigation of the pelicans in 
the Yellowstone National Park to determine their destructiveness in 
relation to the trout, the supply of which the bureau helps to main- 
tain by artificial propagation. The services of Dr. H. B. Ward, 
of the University of Illinois, were secured for this work. The re- 
sults of this investigation indicate that the pelican is a highly 
specialized predatory bird, and that its breeding period in the park 
is so precisely synchronized with that of the trout that its depreda- 
tions effect maximum losses. 

The pelican colony on Yellowstone Lake in 1922 was found to 
number between 500 and 600 birds, from which about 200 young 
resulted. For the six weeks of their sojourn on the lake they sub- 
sist almost entirely upon the black-spotted trout, the toll taken by 
each pelican during the season amounting to about 350 fish, and in- 
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volving. besides, a large loss in trout eggs thr Shei the destruction.ot 
the breeding: fish. ; . mite 

The pelican represents a sraries and. intorastitie anidieeit type. of. 
bird life and it isnot desired to exterminate it inthe Yellowstone. 
Park, where it is of much interest. to:tourists.:. Measures have been, 
recommended, however, for the regulation of its numbers through 
the destruction, by. proper author ities, ofa percentage: of the eggs 
deposited on the breeding grounds in the park. The. recommenda- 
tions are now under consideration by the Bureaw of Fisheries and the 
National Park Service. 
It was originally suggested that. attention be. directed rather. defi- 

nitely to the “problem presented by the parasites of the pelicans and. 
of the trout in Yellowstone Liake. Some data were secured on this 
point, but the general problem. of: the destructiveness of. the birds. 
with respect to the trout was considered. to be of such immediate. 
importance that the question of parasites was temporarily relegated. 
to the background and was not made the subject of special attention. 

PACIFIC COAST AND ALASKA. 

ALASKA SALMON. 

Especial attention was given during the summer and fall of 1922 
to a study of the salmon in the Alaska Peninsula fisheries reservation.. 
The work was conducted by Dr. C. H. Gilbert, of Stanford Univer- 
sity, and Willis H. Rich, assisted by W. P. Studdert. During June 
and. July 4,000 red salmon were tagged with numbered aluminum 
tags in an effort to learn something of their migrations. The re- 
sults of this experiment were striking and gave information of the 
greatest value. A report was prepared by Doctor Gilbert and has 
been published. 

The tags were attached at four localities near the end of the Alaska 
Peninsula, where several large canneries are located. Of the 4,000 
tags attached, 861 were put on at Unga Island, 200 in Morzhovoi 
Bay, 2,300 in Ikatan Bay, and 639 in the vicinity of Port Moller. 
A total of 709, or 18 per cent, was reported recaptured either in the 
vicinity where tagged or at more distant points. 

Of the 639 fish tagged near Port Moller 174 were recaptured, all 
of them close to the point where they had been liberated after tag- 
ging. It is evident that the Port Moller fishery is sustained largely, 
if not entirely, by Iccal runs. 

The general trend of the migration of the fish tagged in the 
vicinity “of Unga Island was to the westward. Furthermore, they 
proceeded directly to Morzhovoi and Ikatan bays without entering 
on their way the minor red salmon streams to be found along the 
southern side cf the peninsula. A few of these fish moved east- 
ward along the south shore of the peninsula, one being captured at 
the mouth of the Ozernoi River and four on the eastern shore of Cook 
Inlet. Other captures were reported from Bristol Bay. 

The results obtained in Ikatan and Morzhovoi Bays indicated an 
extensive movement of salmon back and forth between these two 
bays. A purely haphazard movement of the fish seemed to be in- 
dicated. It was made abundantly clear that Ikatan and Morzhovoi 
Bays form parts of the same fishing grounds and deal with the same 
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schools of fish, which pass back and forth from one to the other. 
No conclusive evidence was obtained, however, that any consider- 
able proportion of the commercial run frequents either the local 
spawning grounds tributary to these bays or other local spawning 
grounds on the south side of the Alaska Peninsula. 
A most important feature of the: Ikatan, Morzhovoi, and Shu- 

magin tagging experiments consisted in the considerable number of 
marked salmon that passed into Bering Sea and were recaptured 
in the Port Moller district and on the various fishing grounds of 
Bristol Bay, including those off the mouths of the Ugashik, Egegik, 
Naknek, Kvichak, and Nushagak Rivers. These amply demonstrate 
a movement throughout the season from the North Pacific into 
Bering Sea, and indicate that a considerable contingent of the red 
salmon that form the great run on the northern shores of the 
Alaska Peninsula have their feeding grounds in the North Pacific 
and enter Bering Sea only when on their final spawning migration. 
It is felt that this is one of the most important contributions ever 
made to our knowledge of the oceanic migrations of fishes. 

The investigation of the salmon run in the Karluk River was con- 
tinued. The count of red salmon entering the stream was much 
below that of 1921, and an investigation of the spawning ground 
made by Doctor Gilbert and Mr. Rich showed a corresponding 
scarcity of spawning fish. 

SALMON OF PACIFIC COAST STATES, 

Progress has been made in the investigation of the life histories 
of the salmon of the Pacific coast. Very satisfactory results were 
obtained during the year from one of the extensive salmon-marking 
experiments in progress on the Columbia River. During the spring 
of 1920 the bureau and the Oregon Fish Commission, in cooperation, 
marked 100,000 young sockeye salmon (Oncorhynchus nerka) at the 
Herman Creek hatchery of the Oregon commission. These fish 
were reared from eggs brought from the Yes Bay hatchery of the 
bureau in 1918 and had been hatched at the Bonneville hatchery of 
the Oregon commission and reared at the Herman Creek hatchery. 
The marking was under the supervision of Willis H. Rich, of the 
bureau, and consisted in the removal of the adipose and both of the 
ventral fins. 
A considerable number of these fish, grown to maturity, were re- 

covered this year in the Columbia River, and scales and data from 
approximately 1,200 were obtained by H. B. Holmes, temporary 
assistant. Mr. Holmes was greatly aided in this work by the Oregon 
Fish Commission, which offered a reward of $1 for the return of the 
scars from each fish accompanied by the necessary data and scales. 

These returns are far the most satisfactory that have ever been 
obtained from the marking experiments that have been conducted 
on the Columbia River during the past six years. It is especially 
interesting that the results obtained this year are quite comparable 
with those obtained in 1918 from a similar experiment begun in 
1916, and the estimated per cent of the total number of returned fish 
is very similar. The results this year further support those obtained 
in 1918 in that the adult fish were distinctly different from the 
typical Columbia River fish of the same species, locally known as 
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bluebacks, and resembled the parent fish of Yes Bay. This resem- 
blance is not only external but involves also the quality of the flesh, 
that of the Yes Bay fish being inferior to that of the Columbia 
River blueback. This confirms the earlier conclusion that heredity 
is more important than environment in determining the general ap- 
pearance and quality of the flesh of salmon. 
An investigation of the spawning grounds of the blueback salmon 

of the Columbia River was made by Harlan B. Holmes during the 
fall of 1922. 
Up to the present there have been no accurate data as to where 

this species of salmon now spawns in the Columbia Basin. All of 
the well-known areas formerly used have been rendered inaccessible 
by the construction of dams and irrigation ditches. Notable among 
these old spawning grounds are the large lakes of the Yakima Basin 
of Washington, the Payette Lakes of Idaho, and Wallowa Lake of 
Oregon, all of which are now closed to salmon. The especially large 
run of bluebacks in the Columbia River during the season of 1922 
made this year a very favorable one for the study of the present 
spawning grounds. The results of the investigation show that a 
run of these fish passes up the Salmon River in Idaho at least as far 
as Sunbeam Dam, about 12 miles east of Stanley. The series of lakes 
known as the Red Fish Lakes are above this point and were visited 
for evidence of spawning fish. No direct evidence that the fish got 
above this dam was obtained, but it is not at all impossible that 
many of the fish were on their way to the spawning streams 
visited but at the time were in the lakes or at points in the river that 
were not visited. The evidence that there is still a run of bluebacks 
in the Red Fish Lakes seems sufficient to justify providing a certain 
passageway over the dam for the returning fish in future years. The 
present fishway over Sunbeam Dam is considered inefficient. 

INVESTIGATIONS OF SHELLFISH AND TERRAPIN. 

OYSTERS. 

Investigations relating to oyster culture were conducted during 
the fiscal year by J. S. Gutsell and H. F. Prytherch, scientific assist- 
ants, aided during the summer months by J. G. Scott. Dr. P. S. 
Galtsoff also carried on some special oyster investigations. As in 
recent years, the “setting” problems of Long Island Sound and 
Great South Bay, Long Island, received chief attention. 

In the summer of 1921 there had been an oyster “ set ” of exceeding 
abundance in Great South Bay. Before the summer was over it was 
nearly all dead. The work of that summer and fall and of the fol- 
lowing spring showed that where the spat had attached well above 
the bottom, as on “ pound ” stakes and boat bottoms, good growth 
and no excessive mortality had occurred. The discovery that H,S 
was being generated by decomposing organic material over a large 
part of the bottom seemed to account for the loss of bottom set and 
the survival of that which was elevated. It was hoped that in 1922 
definite evidence might be obtained for or against this hypothesis and 
especially that the degree of elevation required for the survival of 
the set might be determined and a way opened for improvement in 
commercial practice to meet the special needs of this area. Unfor- 
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tunately, however, complete failure of the oyster set made it im- 
practical to add to our knowledge in regard to the minimum or 
optimum elevation for growth and survival, but data of value for the 
determination of the correlation of temperature and oyster spawning 
and setting were obtained. Later, at Milford, Conn., it was found 
that the presence of very minute amounts of H,S causes spat to stop 
feeding, and from this it follows that the presence of the gas is, at 
the very least, highly disadvantageous. 

The work in the New Haven-Bridgeport area of Long Island 
Sound, where once an important supply of northern “seed” oysters 
was produced and where the sets have become alarmingly reduced, 
consisted in the collection of data regarding temperatures; spawning 
of oysters; the occurrence, distribution, and development of larve 
and spat; and the effects on spat of various chemicals known to be 
important pollutants. Data concerning the age and growth of spat 
also were collected. The investigations revealed the fact that the set 
of oysters was much above the average following a season in which 
the oysters in harbors and inshore areas of the Sound spawned com- 
paratively early. 

Oyster larvee were found in the Housatonic River for the first time 
in the five seasons during which these investigations were carried on. 
For a number of years there had been no oysters in this river until a 
planting was made in the spring of 1922. The set was comparatively 
good, but a very large proportion was destroyed by starfish and 
drills, and to a considerable but uncertain extent by other adverse 
factors. The set of oysters at the mouth of the Housatonic River 
occurred during a time of lessened trade-waste pollution due to de- 
creased manufacture and when water conditions presumably were 
temporarily much better than usual. Because it was believed that 
improved water conditions may have had a great influence on the set, 
it seemed desirable that a survey be made at this time for compari- 
son with conditions obtaining during periods of greater industrial 
activity. In October, therefore, in cooperation with the Bureau of 
Chemistry, an investigation was made of water conditions in the 
Housatonic River and New Haven Harbor with regard to trade- 
waste pollution with heavy metals, and also with regard to oxygen 
content and alkalinity. From this work it appeared that conditions 
were chemically decidedly worse in the optically clean Housatonic 
River than in the obviously fouled New Haven Harbor. This was 
most notably true with regard to copper, but also held for zine and 
dissolved oxygen. 

In the experiments with pollutants a copper salt was found most 
destructive. A solution of copper chloride containing 10 parts per 
1,000,000 of copper gave complete mortality of oyster spat under 
conditions in which other metallic salts gave less mortality and the 
control experiments nearly complete survival. 
An inquiry into the relationship between spawning and water tem- 

peratures has been carried on for a number of years. At this stage 
of the investigation the evidence indicates that fairly satisfactory 
temperature conditions, viz, the attainment of 70° F., or higher, by 
late July or early August, and the maintenance of about this tem- 
perature for the few weeks required for spawning and setting, are 
generally to be expected not only in estuaries but also in inshore areas 
in the sound. Therefore, until conditions in the estuaries can be 
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greatly improved, in so far as pollution is concerned, the general 
planting of inshore lots with oysters (where this will not result in 
loss from storms, etc.) is to be urged as the most hopeful method in 
sight for the improvement of oyster sets in the sound. 

In September there came to the attention of Dr. P. S. Galtsoff, 
in the course of his hydrographic surveys, the matter of the death 
of large numbers of “set,” especially in the neighborhood of New 
Haven. He found that in addition to those being killed by the drill, 
many were dying from some unknown cause. Attempts, by histolog- 
ical methods, to connect this mortality with some parasite were un-- 
successful. When, in October, he again visited this region he 
found that although the drill was still active the mortality from the 
unknown cause or causes had ceased. 

CLAMS AND CRABS OF ALASKA. 

In connection with the administration of fishery reservations in 
Alaska, an investigation of the clams and crabs has been undertaken. 
The utilization of these shellfish has only just begun in Alaska, and 
while there is no immediate danger of depletion it is desired to obtain 
all the information that may be needed later to properly control the 
utilization of the resource. For this work the bureau has obtained 
the services of Dr. F. W. Weymouth, of Stanford University, who 
has made extensive studies of the life histories of both clams and 
crabs in California and British Columbia. Some preliminary work 
has been done in the way of compiling information as to the present 
state of the industry and active field work will be begun soon after 
the close of the present fiscal year. 

FRESH-WATER MUSSELS. 

Investigations of the factors affecting the survival and growth of 
juvenile mussels conducted at Fairport and at Lake Pepin have been 
characterized by important results, which have appeared sufficiently 
favorable to warrant the establishment of a small rearing system at 
Fairport. This system consists of 140 metal troughs fed by a gravity 
supply of water, twice sedimented in ponds before reaching the 
troughs. The elasticity of this system, and its apparent efficiency, 
mark it as a distinct step toward the conservation of fresh-water 
mussels. One of the main features of the system is the exclusion of 
light from the troughs. Experiments have proved that the dark 
trough, probably because it simulates natural conditions on the 
bottom of mussel-bearing streams, will produce about 25 times as 
many mussels as the open trough. 

Similar noteworthy results have been produced experimentally at 
Lake Pepin, Minn., by the use of a totally different apparatus. There 
a floating basket with wooden floor approximately 8 feet below the 
surface was used. A second smaller basket, in which the infected 
fish are held until the mussel embryos are liberated, was suspended 
within the larger inclosure. This style of pen and bottom was used 
in an effort to avoid losses caused by enemy organisms living on the 
lake bottom. Its value is evidenced this year by the fact that on 
the bottom of one experimental float 10 feet square more than 23,700 
young mussels, all at least half an inch long, and many longer, were 
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recovered. These mussels spent their parasitic life on wall-eyed pike 
and saugers and represent an 84.6 per cent survival of the glochidia, 
constituting the total experimental infection. The production of 
these juveniles averaged 287 per square foot of bottom surface. The 
mortality of mussels after having reached this length is approxi- 
mately nil. 

The results of these experiments stand as an indication of the pos- 
sible usefulness of controlled methods over the present method of 
artificial propagation in which infected fish are hberated in natural 

’ bodies of water to drop the juvenile mussels on bottoms, where 
it is unlikely that more than a 2 or 3 per cent survival results. These 
results are particularly significant if, based on the apparatus used, 
artificial mussel propagation may be carried on more effectively than 
formerly with results more tangible, cheaper, and less limited by 
natural physical, chemical, ‘and biological factors. 

During the year two undescribed parasites of fresh-water mussels, 
ciliates of the genus Conchophthirius have been observed. One of 
these has no particular significance as it is apparently harmless. The 
other, however, evidently is the cause of the mortality of large num- 
bers of larval mussels while they are still held in the marsupia of 
the adults. Mussels seriously infected have been taken in Lake 
Pepin and from the ponds at Fairport. 

Statistical and biological surveys of mussel beds have been carried 
on during the year at Lake Pepin and at) Lake Pokegama, Minn. 
Artificial culture of mussels by the inoculation of the host fishes has 
been carried on for several years in both bodies of water. At Lake 
“Pepin there has also been in operation for some time a five-year alter- 
nate sectional closure of the lake to commercial mussel fisheries. 
The surveys, therefore, especially in the case of Lake Pepin, have 
provided important data regarding the benefits derived from arti- 
ficial mussel culture and the advantages to be expected from pro- 
tective closure of streams. The survey of Lake Pepin indicates, 
though not conclusively, that the important commercial mucket 
(Lampsilis luteola) has increased in the lake. This apparently is 
due to the artificial culture of this species that has been carried on 
by the bureau since 1913. The noncommercial species and other 
commercial species that have not been propagated apparently have 
decreased during the same period of time. 

The presence in the lake of a large number of mussels under 10 
years old further corroborates the value of the work. The returns 
from this survey are the best indication of the value of artificial 
mussel culture so far obtained. The protective closure, as inaugu- 
rited in 1918 through the cooperation of the States of Minnesota and 
Wisconsin, is unquestionably a desirable aid in perpetuating the 
mussel fisheries of the country. 

Physiological and anatomical studies of the mussel embryo and its 
development, and experimental efforts at metamorphosis mduced 
without the normal stage of parasitism on fishes, were conducted by 
Dr. Edgar Allen at the fisheries biological station, Fairport, Iowa. 
Obesrvations were made on a number of mussels, but particularly on 
the species Anodonta imbecillis and Strophitus edentulus. 

Dr. L. B. Arey continued his investigations of (1) the history and 
structure of the normal cyst of fish tissue surrounding the mussel 
glochidium, its relations to the surrounding host tissues, mutual 
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adjustments, nutritive relations, etc.; (2) the morphological study 
of the glochidia of a large number of fresh-water mussels; (3) the 
nutrition of the encysted glochidium; and (4) the histological 
changes in tissues of the host due to an immunity reaction of the fish 
to inoculation with glochidia. 

Dr. E. P. Churchill, jr., during the summer of 1922 was engaged in 
a continuation of his study of the food and feeding of fresh-water 
mussels. His attention was confined chiefly to feeding reactions and 
requirements of juvenile mussels. 

Activities looking toward adequate protection for the commercial 
mussels in order that the industry might be perpetuated have been 
of a cooperative and advisory character. During the year, as a result 
of endeavors along this line, the fish and game authorities of the 
States of Minnesota, Iowa, Wisconsin, and Illinois have cooperated 
to close to commercial fishing for a period of five years alternate sec- 
tions of the Mississippi River between Brownsville, Minn., and 
Keokuk, Iowa. 

TERRAPIN. 

A series of cultural and breeding experiments with the diamond- 
back terrapin was continued at Beaufort, N. C., by Charles 
Hatsel, the acting director of the station. Careful records were 
kept of the reactions obtained by varying methods of feeding, size 
of range, etc., and special experiments in selective breeding were 
begun. Further attention has been given to the determination of the 
cause or causes of a bacterial disease among young winter-fed ter- 
rapin and to methods of combating the disease. 

Terrapin from a wild brood stock have been grown in confine- 
ment under various conditions for the purpose of determining the 
environment under which the best results may be obtained. It has 
been found that at least one year’s growth can be gained by placing 
young terrapin in a hothouse, keeping them warm, and feeding them 
regularly for the first winter of their lives. Winter feeding for 
older terrapin has not proved to be of much value. The young that 
received this winter treatmenf the first year have also invariably 
reached sexual maturity and produced eggs one year earlier than 
those of the same age that were permitted to hibernate. Diseases 
among the winter-fed stock, however, are more prevalent than they 
are among the hibernating terrapins and constitute a problem that 
requires further study. Several experiments have been conducted 
in the past and others are now under way looking toward the suc- 
cessful control of these diseases. Fortunately, diseases among ter- 
rapin of one or more years of age are very rare. 

The offspring of wild stock have been reared to sexual maturity 
in captivity in four years. Several lots of young, hatched from 
eggs laid by terrapins reared in the pounds at the Beaufort station, 
are now being held, and their rate of growth is compared from time — 
to time with that of terrapins of the same age hatched from eggs 
of the wild brood stock. To date the rate of growth in the offspring 
of the “ domestic ” stock invariably has exceeded that of the “ wild ” 
stock, indicating that as early as the second generation after confine- 
ment these animals are becoming adapted to the changed environ- 
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ment. Certain lots have been separated for selective breeding. The 
terrapins in these lots were selected for rapid growth, size, and 
general healthy and vigorous appearance. The third generation of 
domestic terrapins probably will result during the next breeding 
season from this series of experiments. The results attained show 
beyond a doubt that it is entirely practical to grow diamond-back 
terrapins in confinement for commercial purposes, and, indeed, this 
appears to be the only hope of maintaining a supply of this animal, 
which is nearing extinction. 

ECOLOGICAL AND OCEANOGRAPHIC STUDIES. 

CONTROL OF MOSQUITOES BY MEANS OF FISH. 

Investigations of fishes in relation to mosquito control were con- 
ducted at Augusta, Ga., during the mosquito-breeding season of 1922 
by Samuel F. Hildebrand, ichthyologist, working in cooperation 
with the United States Public Health Service. Particular attention 
was devoted to a study of the relationship that various plants bear 
to mosquito control by the use of fish. A single plant—the duckweed 
Spirodela—was found to prevent mosquito production in a measure. 
All other plants used in the experiments appeared to favor mos- 
quito breeding. The extent to which plants favored mosquito breed- 

_ ing and to what extent they formed “ barriers ” between the fish and 
the wiggle-tails was arrived at through the creation of fishless areas 
in ponds supporting various types of vegetation in which mosquitoes 
were permitted to breed unmolested for a time. Later such areas 
were restocked and the results were checked. 

Extensive studies of sex ratios in Gambusia (the most important 
of the fishes used for mosquito control) were made, from which it 
was determined that the males are proportionately fewest in August, 
when among the specimens examined only 1 male occurred among 
about 8 females. In October the males had become much more 
numerous and the proportion was about 1 male to 2 females. The 
conclusion is that the male is the weaker sex, and in August, Just 
before the early young of the season become sexually mature, so many 
of the males have died or have been destroyed by enemies that the 
disparity is very great. In October, when many of the young of 
the previous spring and summer have become sexually mature, the 
young males greatly increase the proportionate number of that sex. 
Microscopic studies of the sexual organs of a limited number of 
young fish showed a sex ratio of about 1 to 1. 

It is well known that in the northern part of its range Gambusia 
spawns only during the summer, but it had previously been noticed 
that gravid females may be taken at Key West at all seasons of the 
year. Consequently the director of the Key West station, Mr. Gins- 
berg, was requested to confine females in the aquarium ands make 
eareful observations relative to the period and frequency of spawn- 
ing. These observations show that at Key West Gambusia spawn 
the year round at more or less regular intervals of four weeks. 

Extensive experiments relative to the proper handling of Gam- 
busia in confinement and shipment were conducted. It was shown 
that a larger proportion of the fish survived when approximately 3 
inches of water was placed in a vessel of a given diameter than if 
s to 10 inches of water were used in the same container. 
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During the year Mr. Hildebrand visited several localities in the 
South in an advisory capacity, offering suggestions for the best use 
of top minnows for the control of malaria and for the propagation 
of these fish for distribution. 

OCEANOGRAPHIC WORK. 

During the fiscal year 1923 laboratory work on the collections made 
in the hydrographic and biological survey of Chesapeake Bay was 
inaugurated, the field work in the main having been completed early 
in June, 1922. The special collections have been segregated and as- 
signed for study by specialists in the National Museum and biologists 
in various parts of the United States and Canada, and a comprehen- 
sive report on the fish and fisheries of the region is well advanced. 
The data relating to the physical and chemical features have been 
compiled, and a report on this phase of the investigation is also well 
under way. 

In this investigation the bureau has received cooperation and as- 
sistance from the United States Geological Survey in the determina- 
tion of the salinities of the water, and from these results most of the 
densities have been calculated. The Geological Survey has also fur- 

-nished important information concerning the average amount of 
fresh water that drains into Chesapeake Bay, and this, together with 
valuable information prepared by the United States Coast and 
Geodetic Survey as to the total area, areas of cross sections, and 
volume of sea water entering the bay, will have an important bear- 
ing on the study of the movements of the water and the organisms 
contained in the water. The United States Weather Bureau has 
cooperated by furnishing information on the daily precipitation dur- . 
ing the last few years in drainage basins that feed Chesapeake Bay. 
These important data have been found very valuable in the study 
of the variations in position of the water layers of different density 
in the bay. 

The survey of Chesapeake Bay was begun in 1912 by Lewis Rad- 
cliffe and William W. Welsh primarily for the study of the Clupeide. 
The work was later extended to include the general fauna and flora 
of the bay, with the exception of the birds and the higher plants. Dr. 
R. P. Cowles, of Johns Hopkins University, undertook the super- 
vision of the work and personally conducted numerous cruises on the 
bay during 1920 to 1922. William C. Schroeder made extensive col- 
lections of fishes and obtained many data on the commercial status 
of the fisheries of the region. The fisheries steamer Fish Hawk was 
used in making the survey. 
To supply fundamental data for the elucidation of oyster-cultural 

problems, especially the failure of the set, Dr. Paul S. Galtsoff, 
naturalist on the fisheries steamer A/batross, has been conducting a 
hydrographic and microbiologic survey of Long Island Sound and 
adjacent waters. The program included a series of Richter and 
Negretti-zambra reversing thermometer readings and Eckman cur- 
rent-meter readings, salinity and dissolved oxygen titrations, coloro- 
metric hydrogen-ion determinations, color and transparency deter- 
miniations, qualitative and quantitative plankton studies, and quanti- 
tative bacteriological tests. Fourteen cruises were made with the 
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fisheries steamer Fish Hawk, and observations were taken at 299 
stations. 
Although at the end of the fiscal year the work was not completed, 

Doctor Galtsoff was able to make an interesting progress report. 
The Sound receives salt water through both ends, but by far the most, 
probably nine-tenths cr more, enters through the east end known 
as the “race.” The entering sea water is diluted by the discharge 
from numerous rivers, particularly on the north shore, so that thiere 
is a marked decrease in salinity from the race to the head of the 
Sound. There is also a seasonal variation. From July to November 
the salinity rose and thereafter it gradually decreased. Highly 
polluted water enters from East River and from many industrialized 
and sewage-polluted streams and harbors. Accordingly, at the head 
of the Sound the bacterial content was high, up to 4,000 per cubic 
centimeter, and in certain harbors very high, indeed, up to 20,000 
per cubic centimeter. However, so great is the dilution in the Sound 
that within 2 or 3 miles off the mouths of the worst polluted harbers 
the bacterial content was reduced to 100 per cubic centimeter or less. 
Corresponding with the evidences of pollution afforded by the bac- 
terial examinations, the dissolved oxygen content was low at the head 
of the Sound and in the harbors but fairly high a short distance away 
from these polluted areas. 

Being less affected by ocean conditions, the waters of the western 
part of the Seund show much higher summer temperatures. than 
were found at the mouth. An increase also occurs in inshore waters. 
The hydrogen-ion studies revealed comparatively little variation 
from place to place, day to day, or season to season. Except for the 
one river, the pH values for the Sound and estuaries ranged only 
from 8 to 8.3. In the Housatonic River, which receives an “extreme 
amount of acid pollution, values of 7.6 and 7 1.8 were recorded. .Much 
of this information is of great interest in the study of the oyster- 
cultural problems of the region. When the examination of the ma- 
terial is completed and the ‘work of another year added, a fine basis 
for the study of specific problems will have been laid. 

STUDIES OF MARINE PLANKTON IN RELATION TO THE FISHERIES. 

During the past year an investigation of the seasonal variation in 
the plankton of the Woods Hole region was carried on by Dr. 
Charles J. Fish, assisted by Marie D. P. Fish. The purpose of the 
work was to make an exhaustive investigation of the plankton, the 
seasonal variation of the various species, their interrelationships, 
and, the general factors governing their distribution. As plank- 
tonic organisms form the sole food of the pelagic larval fish and are 
important factors, both directly and indirectly, in the diet of the 
adults, the results of the present investigation will serve as a basis 
for a future study of the factors governing the seasonal variation 
of both the fry and the adult fishes. 

Examinations of collections taken daily were made throughout 
the year, together with records of temperature, salinity, and ‘other 
physical governing factors. The seasonal variation of 291 species 
of plankton organisms, of which 36 were larval fish, were recorded. 
It was found that salinity has little or no effect on the plankton of 
the immediate region. No fresh-water streams of any size enter 
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Great Harbor, the salinity averaging about 31.5 throughout the year. 
Water temperature is the dominant factor in governing the seasonal 
distribution and the breeding periods of all local pelagic animals. It 
also determines whether oceanic species entering the region shall 
perish at once or live long enough to become an important factor 
in the local fauna. 

As in the case of the bottom-living animals, the plankton of this 
region is made up of a complex of faunas. The region about Woods 
Hole forms the northern limit of many southern species, the southern 
limit of many northern species, and a pocket where oceanic animals 
blown in by strong southerly winds are deposited. The arm of Cape 
Cod forms a permanent northern barrier for the southern coastal 
plankton, but only a summer barrier for northern pelagic animals. 
A distinct periodicity in the occurrence of all common animals of 
the region is clearly noticeable. The succession of species remains 
the same each year, the only variation being in the time of their ap- 
pearance and disappearance. The planktonic animals of the region, 
with one exception, may be placed in two general groups—the sum- 
mer community and the winter community. The coelenterates form 
the exception; for the most part these have a long spring period of 
maximum frequency and another short one in the fall. 

Three general conditions affect the appearance of the pelagic ani- 
mals—winds, tides, and the food supply. Salinity forms barriers in 
some localities, but not at Woods Hole. Once introduced into the 
region, the organisms remain until the temperature becomes un- 
favorable or the food supply is exhausted; then they must leave or 
perish. Food is also an important factor in causing the disappear- 
ance of a species during a period of favorable physical conditions. 

Temperature governs the breeding seasons of the plankton and 
benthonic animals of this region. The temperature prevailing at 
the time of the extrusion of the eggs is not often the important factor, 
for the eggs are usually thrown off as soon as ripe provided the con- 
ditions are not too unfavorable. After being deposited in the waters 
the existing temperature plays a controlling part in determining 
whether the incubation period will be long or short. The determina- 
tion of an early or late breeding season depends on the temperature 
at some previous date when a warming or cooling of the water started 
the development of the sex products. These facts must be considered 
when interpreting the appearance of certain larve in the plankton. 

The distribution of the plankton of the western Atlantic coast is 
little understood, and the number of animals new to the region taken 
during the past year indicates that most of the eastern Atlantic coast 
pelagic species will probably be found here also. 
A full report of the work of the year, compiled with complete 

records of plankton collections by the late Vinal N. Edwards cover- 
ing the years 1893-1907, inclusive, is nearly completed. 

ECOLOGY OF FRESH-WATER LAKES. 

Cooperation with the Wisconsin Geological and Natural History 
Survey in important investigations of the fundamental conditions of 
fish life in lakes has been continued. These studies are directed by 
Dr. E. A. Birge, president of the University of Wisconsin, and the 
work was executed by Chancey Juday and Dr. H. W. Rickett, assisted 
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by.students from the university.. The aquatic plants, the plankton, 
bottom, fauna, and mussels of Green Lake were studied during the 
past year, with reference to quantity and distribution, and a report 
on;the aquatic plants has been completed and will appear in Volume. 
XXI of the. Transactions of the Wisconsin Academy of Sciences, 
Arts, and Letters. Arrangements have been made for the continu- 
ance of these investigations during the fiscal year 1924. 

FOULING OF SHIPS’ BOTTOMS. 

In September, 1922, in cooperation with the Navy Department, the 
bureau began an investigation of the marine growths on the bottoms 
of ships to determine, wif possible, the conditions governing the 
amount and character of such growths and the possible seasonal and 
regional factors affecting them. The work was undertaken with a 
view of securing further data on the problems of preventing the 
attachment of the fouling organisms to ships’ bottoms, as well as to 
determine the proper docking intervals for ships in various kinds of 
service. J. Paul Visscher, of Johns Hopkins University, was placed 
in charge of the work. Through the Navy Department he has been 
kept in touch with the docking of vessels in the navy yards of the 
Atlantic coast and has made examinations of more than 70 vessels 
in dry dock. 

While the results so far obtained are not entirely conclusive, suffi- 
cient data have been collected to indicate that the color of the paint 
used is an important factor in determining the extent of fouling. In 
the tests made with submerged plates painted, respectively, white, 
black, yellow, red, green, and blue, it was found that there was much 
more fouling on the dark plates than on those of lighter colors. 
These results apparently are explained by the fact that at the time 
of attachment of the larve to the plates the organisms are negatively 
phototropic; that is, they tend to go away from the source of light. 
It would seem. therefore, that there is an important and specific rela- 
tion between light and the nature and extent of the fouling of ships’ 
bottoms. 

The investigation has also indicated rather conclusively that foul- 
ing in the North Atlantic waters is caused, in the order of their im- 
portance, by barnacles, hydroids, algae, bryozoa, ascidians, and by 
numerous other growths of much less importance, and that most of 
the organisms attach while the ships are in harbor. It has been 
shown that vessels in commission, which never stay more than six 
or seven days in any port and travel between ports a considerable 
distance apart, do not foul seriously, at least during the period from 
August to March in the North Atlantic Ocean. On the other hand, 
it is found that vessels that le at anchor continuously in any one 
port for the five or six winter months become heavily coated with 
hydroids but not with barnacles. 

INVESTIGATIONS PERTAINING TO FISH-CULTURAL OPERATIONS. 

PATHOLOGY OF FISHES. 

Studies have been continued by Dr. H. S. Davis, pathologist, on 
Octomitus salmonas, an intestinal parasite of trout. In the course 
of these investigations visits were made to a number of hatcheries 
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in different parts of the country. The parasite has been found to ° 
be widely distributed and probably occurs at most of the bureau’s. 
trout, hatcheries, It is strictly an intestinal parasite, usually being. 
most abundant. at the anterior end, but may be found throughout 
the entire length of the intestine. It occurs in two quite distinct: 
forms that evidently represent different stages in the life cycle... 

The most common form of Octomitus.is the flagellate stage: that. 
lives in the lumen of the intestine and under certain conditions may 
be present in large numbers. In addition there is also an in-. 
tracellular stage that is quite different in‘appearance and occurs in 
the epithelial lining of the pyloric ceca and the anterior end of the. 
intestine. This stage first makes its appearance as a small rounded 
body lying in a vacuole in an epithelial cell. It grows rapidly, 
producing hypertrophy of the infected cell, which eventually is 
destroyed. After a time the parasite undergoes. schizogony and 
the resulting schizonts invade other epithelial cells and repeat the 
process. On the other hand, some of the schizonts, instead of 
again undergoing schizogony, after a short period of growth become 
metamorphosed into the free-swimming flagellate. Usually both 
intracellular and flagellated forms are found in the same host, but 
under some conditions, which are not well understood, one form may 
greatly predominate. This is especially true of the intracellular 
stage, which may become very abundant without any corresponding 
increase in the flagellated form. 

The effect of the parasite on the host varies greatly and is ap- 
parently largely dependent on local conditions. Under ordinary 
circumstances the injurious effects appear to be confined to the 
fingerlings, older fish being affected little if at all. In the young 
trout the parasite is often present in great numbers, the flagellates 
usually being more abundant than the intracellular stages. The 
flagellates do not ordinarily cause a severe mortality, but may seri- 
ously interfere with the proper nutrition of the host. The fish 
become greatly emaciated and instead of growing steadily may 
even lose weight for a number of weeks. The disease usually is 
more pronounced in the spring and apparently is associated with 
a slight rise in the temperature of the hatchery water. In some 
instances, for reasons not well understood, the intracellular stages 
may become very abundant, producing an inflammation of the intestine 
that often terminates fatally. There can be little doubt that many, 
if not most, of the epidemics among young fish, which occasionally 
break out in trout hatcheries in early spring, are due to this cause. 
The intracellular stages are also the cause of an excessive mortality 
that sometimes occurs when fish are being transported from the 
hatcheries. Usually there is little loss for the first 24 hours, but 
if the fish are held in cans for a much longer time the mortality 
is sometimes very high. It has been found that for some reason 
the intracellular stages multiply very rapidly when the fish are 
placed in cans, producing a fatal enteritis. 

Since Octomitus is so widely distributed and occurs in the brood 
fish as well as fingerlings it will doubtless be very difficult, if not 
impossible, to eradicate it in the hatcheries. It is believed, how- 
ever, that the parasite can be controlled and its injurious effects 
reduced to a minimum. Although it has been found in wild fish, 



oe U. S. BUREAU OF FISHERIES, 

there is no evidence that it is very abundant or produces serious 
injury to the host under natural conditions. However, the un- 
natural conditions under which the fish are necessarily kept at the 
hatcheries appear to furnish an ideal opportunity for the develop- 
ment of the parasite, and consequently it has come to be one of the 
most serious pests with which the fish-culturist has to deal. Over- 
crowding undoubtedly is one of the conditions that favor its rapid 
development, and wherever the fish have been given more room 
there has been a noticeable improvement in their condition. It is 
believed that improvement in the food would also help in alleviat- 
ing the injurious effects of Octomitus, and experiments have been 
planned with this object in view. 

It has been found recently that excessive mortality, which often 
occurs during distribution, can be greatly reduced by keeping the 
fish at a much lower temperature than formerly. In fact, fish from 
the White Sulphur Springs (W. Va.) station, which in previous years 
had shown the greatest mortality, were carried at a temperature 
of 40° F. with very little loss. 
A preliminary paper dealing with this parasite was published in 

the Journal of Parasitology for March, 1928. 
For a number of years the Neosho station has experienced great 

difficulty with brood fish. The number of eggs produced often was 
below normal and of such poor quality that a considerable percentage 
failed to develop. This was most noticeable among the black -bass, 
especially the smallmouth. Many of these fish failed to spawn, and 
in some of the ponds practically no fry were produced. This station 
was visited by the pathologist in May, and it was found that the 
trouble is, in all probability, due to a cestode, Proteocephalus am- 
bloplitis. The plerocercoid larve of this tapeworm were found in 
large numbers in the ovaries of the smallmouth bass, while the ova 
had failed to develop normally. The larve occurred throughout 
the connective tissues of the viscera, but were much more abundant 
in the ovaries than in the other organs, and in a number of fish 
examined were so numerous as to efiectually prevent the develop- 
ment of the ova. The same parasite was found in the largemouth 
bass, rock bass, and blue-gill sunfish, but was not as abundant in 
these fish as in the smallmouth. Evidently the ponds furnish ex- 
ceptionally favorable conditions for the development of the parasite, 
which has seriously curtailed the output of the Neosho station. 
A small percentage of the halibut taken on the Pacific coast are 

referred to as “ wormy,” from the fact that the flesh contains many 
long, white, wormlike structures that render the fish unsalable. 
These so-called worms are in reality hypertrophied muscle fibers 
that are infected with an undescribed species of myxosporidian. 
These parasites live only within the muscle fibers that become greatly 
enlarged and eventually filled with a glistening whitish mass of 
spores, which accounts for its wormlike appearance. A description 
of the parasite and its effect on the fish has been prepared for pub- 
lication. This condition should not be confused with the so-called 
mushy halibut, which is apparently due to a small bacterialike or- 
ganism that develops in the connective tissue surrounding the muscle 
fibers. The investigations on mushy halibut are being continued and 
will be reported on later. 
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An outbreak, in the bureau’s aquarium, of the disease caused by 
Ichthyophthirius, provided a favorable opportunity for studies on 
the life history of the parasite:and methods of control... These in- 
vestigations were carried on by H. F. Prytherch, scientific assistant, 
who found that. alum sulphate possesses certain advantages. over 
chemicals previously used in the treatment of the disease. A brief. 
bulletin on the disease is being prepared. 
An outbreak of a “gas bubble” disease in developing trout at 

La Crosse, Wis., was investigated by the Fairport station. The dis- 
ease was found to be characterized by the diffusion of yolk through 
the surrounding tissues and in some cases by the formation of a 
bubble of gas in the yolk. Since it was known that there was an 
excess of carbon dioxide dissolved in the water, it was suspected 
that this was the primary cause of the trouble. This diagnosis was 
borne out by the fact that elimination of the gas before the water 
entered the troughs caused a disappearance of the abnormal condi- 
tion although the fish affected failed to recover. 

At the invitation of the Minnesota State Game and Fish Commis- 
sion an investigation was made of the mortality of pike perch at 
Cut Foot Sioux, Minn. The fish found dead had apparently been 
trapped some weeks before for the collection of eggs and, owing 
to improper handling, had been scratched and bruised, resulting 
in a fatal infection with Saprolegnia. 

In June a severe mortality of crappie and sunfish in Lake Poke- 
gama, Minn., was investigated by R. L. Barney, director, and H. O. 
Hesen, superintendent, of the Fairport station. The cause of the 
mortality was diagnosed as a heavy infestation of the gills by the 
worm Dactylogyrus with a secondary bacterial infection that usually 
killed the fish. This mortality at Pokegama is of particular in- 
terest in view of its regular annual occurrence in May and June 
for the past 15 years. Its original appearance seems to have been 
connected with the lowering of the water level of the lake by the 
blowing out of a dam, which resulted in cutting off a broad con- 
nection with Snake River. The mortality affects several species of 
fish, but the crappies and sunfish suffer most severely. 

During June a heavy mortality of gizzard shad occurred in lakes 
in the suburbs of Des Moines, Iowa, and at the invitation of the 
State game warden an investigation was made by the Fairport sta- 
tion. ‘The disease was characterized by inflation of the pectoral fins, 
and the study of sectioned material led to the conclusion that it 
was due to bacterial infection, probably by a gas-forming organism. 

At the request of Representative Sweet, of Iowa, an investigation 
of conditions in the Iowa River was made by C. N. Blystad, of 
the Fairport station. A serious mortality of fishes occurred in this 
river during the late fall and early winter, and although fish were 
not dying at the time of the investigation it was possible to gather 
sufficient data to warrant a definite conclusion as to the cause. 
It was found that the mortality was due to large amounts of chemical 
and organic wastes allowed to pass into the stream from a sugar fac- 
tory located on the river. 

PHYSIOLOGY AND NUTRITION OF FISHES. 

Prof. A. S. Pearse, of the University of Winconsin, and his gradu- 
ate students continued their studies on the physiology and nutrition 
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of fishes, assisted to a limited extent by the bureau. These studies 
include investigations on the amount of natural food consumed, 
the chemical composition, the functions of the swim bladder, and 
the digestive enzymes of fishes. In the investigations on the chemical 
changes in trout and perch during growth the protein, fat, water, 
and ash have been determined for fish of various ages taken at inter- 
vals throughout the year. The composition of fed and starved 
pumpkinseeds (sunfish) has also been determined and compared 
with individuals caught fresh from Lake Mendota. 

Studies on the function of the swim bladder have demonstrated 
that it is primarily a hydrostatic organ that has secondarily taken 
on respiratory functions. The effects of temperature and pressure 
on ee gaseous content of the organ have been thoroughly inves- 
tigated. 
A study of the digestive enzymes of fish has been begun and prom- 

ises to yield results of great value. Up to the present the work has 
been confined to pickerel, carp, and perch, but it is planned to 
broaden the scope of the investigation in the future. 

Professor Pearse and his students have also started investigations 
directed at certain fundamental problems relating to the metabolism 
of cold-blooded vertebrates that promise to be of exceptional interest. 
It is planned to use turtles for these investigations, and special 
attention will be paid to the relation of various rations to the rate of 
growth; the relation of temperature to pulse, respiration, and hiber- 
nation; the basal metabolism; the amount of food required per day; 
the chemical composition of turtles at various seasons and ages; and 
the degree of activity at various temperatures. 

During the latter part of the fiscal year a series of experiments for 
developing a more satisfactory diet for trout was inaugurated at 
the Manchester (Iowa) station. For many years there has been 
little change in the character of the food used at trout hatcheries, 
although in the light of the more recent knowledge of animal nutri- 
tion that has attracted much attention in late years it is evident 
that the standard rations are deficient in certain essential food re- 
quirements. They are especially lacking in salts and vitamines, and 
it is not impossible that many of the difficulties experienced at the 
hatcheries are in reality primarily due to an inadequate diet. For 
this reason it was thought advisable to undertake an extensive series 
of feeding experiments in the hope that it would be possible to work 
out a more satisfactory ration than those in use at present. Milton 
C. James, scientific assistant, has been assigned to this work, which 
was just getting under way at the end of the fiscal year. 

EXPERIMENTAL WORK IN FISH CULTURE. 

A number of investigations relating to the development and im- 
provement of methods of artificial culture of some important food 
fishes have been conducted at the Fairport biological station. Ob- 
servations on the culture of buffalofish seem to indicate that the fish 
will not lend itself to cultivation on a commercial scale on account 
of the large acreage necessary for it to attain an optimum growth. 
Efforts to artificially propagate the paddlefish have not yet succeeded 
owing to the fact that the young fish placed in one of the ponds sev- 
eral years ago have not yet reached the age of sexual maturity. They 
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will continue to be held, however, in anticipation that at some future 
time they may ripen and spawn. This species is of particular value 
commercially, and its perpetuation is a matter of concern in view of 
the great decrease in its numbers in recent years. Experiments in 
the culture of the channel catfish have been continued. Considerable 
light has been thrown on the natural history and essential factors for 
success in the pond culture of this species, and several ponds have 
been set aside for a practical demonstration of these experiments. 
At the close of the fiscal year quite a number of nests were observed, 
and it seems quite possible that the pond culture of this fish may be 
taken up on a practical basis next year. An effort at the pond cul- 
ture of the hackleback sturgeon was made at the Fairport station 
and a large mass of data was collected, on which it is hoped to base 
recommendations for protective legislation for the species. The 
fishery for this species is of value and one that is carried on inten- 
sively because of the high prices paid for both the flesh and the eggs. 

Observations on the production of the “farm pond” at Fairport 
have been continued with significant results. The purpose of the 
study of this pond production has been to obtain useful data regard- 
ing the possible value of small ponds on farms or large estates. With 
this end in view the pond has been handled just as one would be 
managed in practice; that is, the fish have not been fed but have 
depended on the natural “fish food,” the small animals and plants 
that normally form the diet of food fishes and that are naturally 
produced in the pond. 

+ : | Production of . Production of 
Year. Net production | “edible fish Year. Net production | “ edible fish per acre. | per acre. per acre. per acre. 

| } | 
Pounds. |Ounces.| Pounds.| Ounces. Pounds. |Ounces. | Pounds. |Ounces. 

1919!5/ 7 ebex-: 203 | 14 | 94 Hy 19ebssed oer 924 374 ra 92 | 10 
RAM. Se ee ee } 333 8 54 0 | 1 9 2 Ta a eer 440 14 101 | 11 

The production of the pond has been obtained by computing the 
difference between the weight of the fish at the time of their intro- 
duction into the pond in spring and the weight of the same fish and 
their offspring as occasionally caught out during the summer or 
when removed from the pond at the autumn inventory. This method 
of computation gives the increased weight of fish in the pond due 
to the “turnover” of small plants and animals. The fish used (the 
bluegill) feeds primarily on insect larve, cladocerans, copepods, and 
plants. This annual net “turnover ” of food organisms of the pond , 
into fish flesh is here tabulated. The table includes also the weight 
of the fish of edible size taken from the pond. 

The annual production of fish of edible size in 1919 and 1920 was 
based on the weight of fish removed from the pond by hook and line 
during the summer. In 1921 and 1922 line fishing was not carried 
on in the pond and the data on the production of edible-sized fish were 
collected when the fall inventory was made. The use of the fall 
measurements for this computation necessarily tends to hold down 
the total possible “turnover” and the total possible production of 
fish of edible size. The computation, however, as made for 1921 
and 1922, can not be far from accurate, though the total net “ turn- 
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over.” and the production of food fish would probably have been 
somewhat greater had the larger fish been removed at intervals 
during the summers of those years. 
The effort in manipulating the stock of this pond has been to so 

control the number of fish of different ages in it that an association 
might result that would give continual maximum production of fish 
of edible size year after year. The tendency of the manipulation 
for the last three years has been to decrease the number of fish con- 
stituting the spring plant, so that the small fish produced by them 
during the current year might not make up an undue proportion of 
the total annual production of fish flesh. It has been observed that 
too great a production of young fish in a given year prevents many 
of the half-grown fish from attaining edible size through too serious 
competition for the available food. 

THE BIOLOGICAL LABORATORIES. 

The biological laboratory at Woods Hole, Mass., was reopened 
during the summer of 1922 under the direction of Dr. R. E. Coker, 
then assistant in charge of the division of scientific inquiry. The 
laboratory was again opened in June, 1923, and was made available 
during the summer for investigators working on fishery problems. 
Doctor Coker was secured as director for the season. The policy 
of extending the use of the laboratory to the Marine Biological Lab- 
oratory of Woods Hole with the understanding that no ‘charge be 
made by that institution for the use of the facilities provided the 
bureau has been continued. The laboratory has been used through- 
out the year by Dr. P. S. Galtsoff, EHR of the Albatross, who 
has conducted here the laborator y work connected with the hydro- 
graphic and biological survey of Long Island Sound. Dr. Charles J. 
Fish and Marie D. P. Fish have also made use of the laboratory facil- 
ities in the work they have been doing on the study of the plankton 
and larval fishes of the Woods Hole region. 

On account of the inadequate salary provision, the Beaufort 
Biological Laboratory has continued without a scientific director, 
and, with the exception of the diamond-back terrapin experiments, 
has remained inactive so far as the investigation of fishery problems 
is concerned. The facilities of the laboratory were used by several 
investigators during the season, among whom were Dr. L. F. 
Shackell, of the University of Utah; Dr. H. V. Wilson, of the Uni- 
versity of North Carolina; and Dr. Bert Cunningham, of, Trinity 
College, Durham, N. C. The Navy Department also made use of 
the laborator y in continuing its investigations on the fouling of ships’ 
bottoms, and in October a - conference was held there by ‘the naval 
officers and investigators concerned. This bureau was represented at 
the conference by “J. Paul Visscher, whose work on the fouling of 
ships’ bottoms is referred to elsewhere in this report. The acting 
director has supervised the necessary repairs to buildings, sea wall, 
and grounds, and has carried out instructions for the conduct of the 
terrapin experiments, which have been intrusted largely to his care 
for several years past. 

The work at the Key West biological station for the fiscal year has 
been, for the most part, of a preliminary nature. Owing to the lack 
of equipment and a laboratory building, together with an insufficient 
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personnel, little in the way of scientific work could be accomplished. 
Early in the year Isaac Ginsberg was appointed director of the 
station. His attention has been given mainly to directing much 
needed work in improving the grounds and the condition of the build- 
ings, although some time has been found in which to add to the collec- 
tion of Key West fishes. Observations have been made also on the 
natural history of the top minnow, Gambusia, in connection with the 
important work of distributing these fish for the purpose of con- 
trolling mosquito breeding. The station is greatly in need of a fully 
equipped laboratory building in which the investigation of problems 
relating to the important fisheries of the Gulf of Mexico and the 
southern Atlantic States may be carried on. At present the only 
space available for this work is a small room in the power house, 
which is also used for storing the collections and as an office. 

The biological laboratory at Fairport, Iowa, has been operated 
during the entire year. The work has been devoted in the main to 
mussel and fish culture and to investigations on the natural history 
of some of the more important food fishes. This has been discussed 
in more detail in other parts of this report. The director has par- 
ticipated, in an advisory capacity, in various conferences with State 
legislative bodies with a view to the enactment of legislation for the 
protection of mussels. The laboratory has also been called upon 
frequently to render aid and advice to clubs, individuals, and State 
fisheries organizations in the handling of fish, in planning, building, 
and stocking ponds, and in pointing out the needs, care, and possible 
improvement of the fisheries of certain sections. Members of the 
staff conducted a statistical survey of the fisheries of the Illinois 
River for the year 1921, and a report was submitted early in the fall 
of 1922. The work was done in cooperation with the Illinois State 
Natural History Survey, the United States Public Health Service, 
and the Chicago Drainage District. It is the intention of the in- 
vestigators to try to discover the effects of pollution and of reclama- 
tion of submerged lands along the Illinois River upon public health 
and recreation, agriculture, and the aquatic resources of the river. 
The study of the relation of the Hemiptera to the pond culture of 
fishes was continued by Dr. C. B. Wilson. 

During the year two of the station’s investigators, Dr. A. D. 
Howard and Barry J. Anson, resigned. The superintendent, H. L. 
Canfield, was transferred to the Mississippi River rescue station in 
August, 1922, and his place was filled by H. O. Hesen, jr. 
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A NEW MYXOSPORIDIAN PARASITE, THE CAUSE OF 
“WORMY” HALIBUT.* 

By H. S. Davis, Fish Pathologist, U. S. Bureau of Fisheries. 

The extensive halibut fishery of the Pacific coast is subject to a 
material annual loss owing to the fact that in a considerable per- 
centage of the fish the flesh is abnormal and unsalable. In the great 
majority of the abnormal fish the flesh is soft and “mushy” and 
readily falls apart when cut, but in a small percentage it has a very 
different appearance. Instead of being soft the muscles are hard and 
firm as in normal fish but contain large numbers of white, wormlike 
structures, wlience the name “ wormy” halibut. A comparison of 
the flesh of “ mushy” and “ wormy” fish has convinced the writer 
that they are caused by very different organisms, the “ wormy” con- 
dition evidently being due to an undescribed myxosporidian parasite 
for which the name Unicapsula muscularis n. gen. et n. sp. is pro- 
posed. 

The appearance of the flesh in the “ wormy ” fish is well described 
by Thompson (1916), as follows: “There is no external evidence 
of the infection by the parasite which causes ‘worminess.’ <A cut 
through the trunk muscles parallel to the grain exposes the para- 
sites as silvery threads lying among the muscle fibers. These threads 
lie with the fibers in a regular way and extend from septum to 
septum of the myomeres but not through them. The muscles of the 
head are apparently less liable to infection than those of the trunk, 
and usually none are to be seen in the head of even a heavily infected 
specimen. The density of the infection varies somewhat in different 
individuals. ” 

The writer has had no opportunity to examine halibut on the 
Pacifie coast, but the appearance of the flesh of an infected fish that 
was sent to Washington in cold storage agreed in every respect with 
Thompson’s description. In this fish the white opaque “ worms ” 
were very common and presented a sharp contrast to the smaller 
translucent fibers that made up the great bulk of the muscles. A 
closer examination confirmed Thompson’s observation that the 
“worms” are simply hypertrophied muscle fibers filled with a 
whitish granular mass. This granular material, which is composed 
of the spores of a myxosporidian, is surrounded by a relatively thin, 
transparent envelope made up of muscle fibrils embedded in sarco- 
plasm and surrounded by the sarcolemma. The diameter of the in- 
fected fibers in material preserved in formalin was about 0.6 to 0.8 

1 Appendix VIII to the Report of the U. S. Commissioner of Fisheries for 1923. B. F. 
Doe, 957. 
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mm., while that of the uninfected fibers was about 0.2 to 0.4 mm. 
These measurements are somewhat greater than those given by 
Thompson. Possibly the discrepancy may be due to a difference in 
the size of the fish, that examined by the writer having a total 
length of about 5 feet. 

ies. 1, 2, Anp 3.—Portion of muscle fibers showing the arrangement of the parasites 
within the fibers. X20. 

Fic. 4.—Cross section of a small portion of an infected muscle fiber. The cut ends of the 
fibrils are shaded black. Within the fibrillar layer can be seen a portion of the tropho- 
zoite surrounded by a distinct ectoplasmie layer. 575. 

Wie. 5.—Cross section of a portion of an infected fiber showing the overlapping ends of 
two trophozoites. This is a somewhat later stage than Figure 4, and the fibrils are 
beginning to degenerate. 575. 

When examined under the microscope, the infected fibers were 
seen to contain a number of elongated trophozoites arranged ih a 
single row within the fiber but usually overlapping more or less at 
the ends (figs. 1 to3). Inevery case the parasites extended practically 
the entire length of the fiber. This condition was also noticed by 
Thompson, who suspected they were trophozoites of a sporozoan but 
yas unable to definitely determine their nature. 
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It is a remarkable fact that the trophozoites never extend to the 
sarcolemma, there being always a thin jayer of sarcoplasm and muscle 
fibrils between the two. This is well shown in Figures 4 to 6, where 
the peripheral layer of fibrils and sarcoplasm can be distinctly seen. 
As shown in the figures the trophozoites vary considerably in size, 
some being several times the length of others. The length of those 
measured varied from 2 to 6 mm. The size of the mature tropho- 
zoite appears to be dependent on the number present fn a fiber, since 
the diameter of the fibers containing fully developed trophozoites 
is remarkably uniform. There may be as many as six trophozoites, 
or possibly even more, in a fiber. In all cases observed by the writer 
they were arranged in a single row extending from one end of the 
fiber to the other, but in Thompson’s figures several trophozoites 
are shown lying side by side. 

Fic. 6.—Cross section of an infected fiber showing the trophozoite filled with spores and 
surrounded on all sides by a portion of the muscle fiber. 190. 

Fics. 7 AND &8.—Spores viewed from the side. 2,500. 
Fics. 9 AND 10.—Polar views of spores. 2,500. 

Only sporulating trophozoites were found in the fish examined 
by the writer, the spores forming the whitish, granular mass previ- 
ously referred to. Surrounding the spores is a thin but distinct 
layer of ectoplasm (figs. 4 and 5). Just within the ectoplasm can 
be seen numerous free nuclei and pansporoblasts in different stages 
of development. Evidently, as in many other myxosporidia that 
form cysts in the tissues, the development of the spores takes place 
in a comparatively narrow zone just within the ectoplasm. 
The spores (figs. 7 to 10) are subspherical, asymmetrical, and con- 

tain but one capsule. The shell is thin and the sutural line in- 
distinct. There is usually a slight indentation along the sutural 
line on the postcapsular side. The shell valves are very unequal in 
size, that containing the capsule being much larger than the other, 
which is evidently degenerate. The capsule is relatively large and 
appears spherical in shape except when viewed from the side, when 
a short neck can be distinguished connecting it with the shell (figs. 7 
and 8). 
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The coiled filament is indistinct but can usually be made out by 
careful focusing. The nucleus of the capsulogenous cell can often be 
distinguished attached to one side of the capsule. The sporoplasm 
is finely granular and fills practically all of the spore not occupied 
by the capsule. Two nuclei are present, and the sporoplasm is often 
more or less distinctly divided into two parts of approximately the 
same size, each containing a nucleus. There is no evidence of the 
presence of an*iodophile vacuole. The diameter of the spore is about 
6y, that of the capsule 3z. 

The spore was seen and figured by Thompson (1916). His Figure 
8 is evidently that of a mature spore, the large eosinophile body being 
the capsule. Thompson also found a spore shaped like a “ four- 
pointed star with four polar capsules,’ which he thought might have 
some relation to the ‘“‘ wormy ” condition of the flesh. These spores 
are not uncommon in both “ wormy” and “mushy” halibut and 
belong to an undescribed species of Chloromyxum, which evidently 
occurs in the connective tissue in the form of “ diffuse infiltration ” 
and has nothing to do with the “ wormy ” condition. 

The systematic relationship of this species is somewhat uncertain. 
The vegetative stages and method of sporulation are very similar 
to many of the Myxobolide, but the structure of the spore is quite 
different. Under the circumstances it seems best to assign this 
species to the Spherosporide, at least provisionally. In the writer’s 
opinion, the present classification of the Myxosporidia is unsatis- 
factory in several respects, and it is hoped that the attention which 
the group is receiving will enable a more logical rearrangement of 
the genera to be made in the near future. 

Considering the abundance of the parasites, it is remarkable that 
the muscle fibers show so little signs of injury. Only the infected 
fibers appear to be affected in any way, and even in these the fibrils 
do not seem to be seriously injured until the inclosed trophozoites. 
have reached a comparatively late stage of development. In late 
stages there is a noticeable tendency for the fibrils to swell up and 
undergo a hyaline degeneration (fig. 5), but no fibers have been ob- 
served in which the fibrils were entirely destroyed. According to 
Thélohan (1895) and Keysselitz (1908), a somewhat similar hyaline 
degeneration is produced by Myxobolus pfetfferi in the muscles of 
the barbel. : 

Since the spores are formed only within the muscle fibers and 
apparently remain there indefinitely, it 1s obvious that they can 
only be released by the death or injury of the host. From our 
knowledge of the life cycle of other Myxosporidia we may assume 
that the spores are taken into the digestive tract of the halibut 
with the food and germinate in the intestine. The minute ameeboid 
sporoplasm then makes its way into the blood vessels and is carried 
to the muscles, where it leaves the capillaries and enters the muscle 
fibers. The large number of infected fibers indicates that, in all 
probability, there is a multiplicative stage before the young 
trophozoites enter the fibers. After entering the fibers the troph- 
ozoites evidently divide several times, for in no other way can we 
explain the presence of several trophozoites in each fiber. 

It is interesting to note that although a number of Myxosporidia 
are known to occur in the muscles of various species of fish the great 
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majority is found only in the connective tissues. Only a very few 
species ever enter the muscle fibers, and even in these forms the 
principal seat of infection is the connective tissues. The present 
species appears, therefore, to be unique among the Myxosporidia, 
since so far as known it develops only within the muscle fibers and 
never in the surrounding connective tissues. In this respect it re- 
sembles the Sarcosporidia and lends additional interest to Darling’s 
theory that these muscle parasites are simply aberrant Cnidosporidia. 

For convenience a brief description of the genus Unicapsula 
nov. gen. is appended: 

Spores rounded; asymmetrical, without processes of any kind, 
only one large rounded capsule present; valve of shell containing 
capsule much larger than the other; tissue parasites, polysporous. 
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THE ICHTHYOPHTHIRIUS DISEASE OF FISHES AND METHODS 
OF CONTROL.’ 

By Herpert F. PryrHercn, Scientific Assistant, U. S. Bureau of Fisheries.’ 
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INTRODUCTION. 

The unusual occurrence of the parasitic ciliate, Jchthyophthirius 
multifiliis (Fouquet), on fish in the Washington aquarium during 
the cold winter months led to a series of experiments to determine 
more efficient methods of combating the disease. Catfish, bass, bream, 
and sunfish that were brought in from Maryland waters and the 
Potomac River in the late fall were found, after a week’s confine- 
ment in the aquaria, to be heavily infected with the parasite. The . 
steadily lowering temperature did not halt the disease, but only 
served to render its treatment more difficult. 

OCCURRENCE OF THE DISEASE. 

The parasitic protozoan Ichthyophythirius is found on fish in 
their natural environment as well as on fish in aquaria and artificial 
ponds. In nature fish seldom are killed by the disease, as the pos- 
sibility of heavy infection by the young parasites is greatly reduced 
by the large expanse of water and the movements of the fish. 

Serious epidemics have occurred. from time to time in France, 
Holland, and Germany, and in various sections of the United 
States. The disease was first recorded in 1869 in the Zoological 
Garden in Hamburg, Germany, and in France in 1876, where care- 
ful observations were made and the name /chthyophthirius multi- 
filiis proposed by Fouquet. In America the parasite is prevalent in 
small ponds, reservoirs, and aquaria, where it spreads rapidly, caus- 
ing a heavy mortality of most of our common fresh-water fishes. 

1 Appendix IX to the Report of*the U. S. Commissioner of Fisheries for 1923. B. F. 
Doe. No. 959. 

? The author is particularly indebted to Dr. H. S. Davis, fish pathologist of the Bureau 
of Fisheries, for criticism in reviewing the manuscript and for suggestions during the 
course of the work. 
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SYMPTOMS OF THE DISEASE. 

The first symptoms of the presence of Ichthyophthirius are the 
queer actions of the fish and the appearance of small, whitish-gray, 
sharply defined pimples sticking out over the surface of the body. 
When the fish are first infected they rub themselves continually 
against the bottom and sides of the tank in an attempt to brush off 
the young parasite. Ina short time they will be seen to hang listlessly 
in the water with drooping fins, or gasping at the surface due to the 
impaired condition of the gills. All parts of the body, head, sides, 
fins, and especially the mouth and gills, may be heavily infected by 
these organisms. 

As the parasite grows it becomes visible as a raised light-colored 
spot on the fish, and if these are numerous the adjacent ones may 
touch each other and unite to form a large spot, giving the skin a 
mottled appearance. As the disease spreads the raised spots often 
occur by the hundreds and thousands, covering the entire external 
surface of the fish. Fish that become heavily infected soon stop 
eating, and in the last stages of the disease they are covered with a 
heavy slime and red blotches or “scalded” areas. Fungus soon de- 
velops on the raw parts of the fins and body, and the fish live but a 
short time. 

DESCRIPTION OF THE PARASITE. 

The adult parasite may be identified by gently scraping off one of 
the “spots” from the fish and carefully examining it under the 
microscope. It may be necessary to separate the animal from the 
tissue surrounding, in which it is generally found in active rotating 
movement. The adult parasites range in size from one-half to 
slightly less than 1 millimeter in diameter. The body is round or 
elongate oval in shape when it is inactive, but will assume almost any 
form when in motion. Covering the outer surfaces are numerous 
short threadlike cilia arranged regularly in rows, which serve to 
propel the animal through the water. The protoplasm of the body 
contains numerous opaque granules, a large crescent-shaped nucleus, 
a small oval opening or mouth, and many fine contractile vacuoles. 
(See fig. 7.) In warm water the animal soon surrounds itself with 
a semitransparent membrane or cyst and there undergoes many suc- 
cessive divisions, forming thousands of young parasites. 

LIFE HISTORY OF THE PARASITE. 

Tn order intelligently to combat the disease, a thorough knowledge 
' of the life history is necessary. The young parasite is a microscopic, 
free-swimming form, which revolves rapidly through the water in 
search of a host. Upon coming in contact with a fish it endeavors to 
burrow into the epidermis, especially in the gills, fins, and unscaled 
regions. At this time the fish is irritated the most and tries hardest 
to brush it off. If the young parasite is unable to find a host, it will 
die within a few days, as it seems incapable of taking food from the 
water. Fish that have been previously infected are covered with a 
layer of slime, which offers an unusually favorable medium for at- 
tachment for the young parasites. When once embedded in the skin 
of the fish, the parasite begins to grow rapidly with the nourishment 
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it absorbs from the tissues and is soon a visible white spot on the 
outside of the fish. The small white body increases in size and in 
warm water (65 to 75° F.) will leave the fish in two to five days as an 
adult free-swimming form. 

Upon leaving the fish it drops to the bottom, and after swimming 
around for a short time forms a cyst. Generally the cyst remains on 
the bottom, though in some cases it may be brought to the surface 
by suspended matter and air bubbles that collect around it. Within 
the wall of the cyst multiplication takes place, resulting in the for- 

Fic. 2.—Life cycle of the parasite. A, adult parasites on catfish; B, parasite after leav- 
ing fish as a free-swimming form and settling to the bottom; C, division of adult into 
many smaller individuals after formation of a cyst; D, bursting of cyst, releasing hun- 
dreds of minute parasites, which in turn reinfect the fish. 

mation of large numbers of minute individuals that are invisible to 
the naked eye and about 30 y. (.03 millimeter) long. When repro- 
duction is completed, the wall of the cyst bursts open (see fig. 5), 
releasing thousands of young parasites, which immediately go in 
search of a host. 

The parasites that drop from the fish are of various sizes, some 
being much larger than others. A corresponding variation is no- 
ticed in the numbers of young formed withim a cyst, which range 
from approximately 500 to 2,200 minute individuals. This is the 
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usual method of reproduction, though the parasite may undergo 
one or two stages of division while embedded on the host or as a 
free-swimming form after leaving the fish. The rapidity with 
which the parasite goes through its life cycle depends on the tem- 
perature of the water, the kind of fish infected, the region in which 
it becomes embedded, and the metabolic activity of its host. 

Under general conditions the parasite will remain on the fish for 
five or six days in warm water of 65° F. or higher, and, on the other 
hand, in water of 35 to 40° F. it may not leave the fish for a month 
or more. The parasite is not killed when it leaves the fish in water 
at a freezing temperature but continues to develop and multiply 
very slowly and is ready to reinfect the fish in three or four weeks. 
The logical time to begin treatment is when the first symptoms of 
the disease appear, and the whole fight in controlling the disease 
should be directed against reinfection. 

TREATMENT AND CONTROL OF THE DISEASE. 

There are two general methods for treating the disease—first, by 
killing the parasites while they are attached to the fish, and, second, 
by destroying them after they leave the fish and are free-swimming 
in the water. The first general method can be used to hold the 
disease in check but will not completely wipe it out. 

The external application of various chemicals in solution is help- 
ful to a certain degree, as it kills and removes those parasites that 
are about to leave the fish as well as the smallest forms that have 
burrowed into the mucous coating. Past experiments with chemi- 
cals, such as copper sulphate, formaldehyde, sodium _ bicarbonate, 
sodium chloride, and others, have been successful in killing the para- 
site but have so weakened the fish that they either die or soon develop 
fungus growths and bacterial disease, which eventually prove fatal. 
For external treatment of parasitized fish the use of aluminum sul- 
phate (alum sulphate) in solution is most satisfactory. The slime and 
mucus covering the fish become congealed and are soon shaken off, 
and the healing effect of the alum leaves the skin in a less weakened 
condition than do the effects of other chemicals. The fish may 
either be dipped or rubbed with the alum solution. In dipping a 
5 per cent solution is used and the fish are allowed to remain in it 
for one minute. For mixing a large quantity of the solution use 
64 ounces of alum sulphate to 1 gallon of water, store in a glass, 
wood, or porcelain container and change every five days. For 
rubbing or brushing the fish a 8 per cent solution is used, or 4 ounces 
of alum sulphate to 1 gallon of water. The fish are laid in a shallow 
pan with about half an inch of the solution in the bottom of it, and 
the affected parts are gently rubbed with saturated cheesecloth or 
a brush. These chemical applications have been used successfully 
on carp, catfish, bass, sunfish, goldfish, Fundulus, bream, and trout, 
but were only helpful as a means of holding the disease in check by 
killing those parasites that were about to leave the fish. Alum sul- 
phate has also given excellent results in the treatment of Sapro- 
legnia when applied in a 3 per cent solution to the diseased parts 
of the fish. 

The second general method for combating the parasite is the most 
practical and should be put into effect in every possible case. It 
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Fic. 3.—Adult parasite as it appears by transmitted light. Highly magnified. 
Fic. 4.—Cyst filled with minute young parasites about to burst open, Highly magnified. 
Fic. 5.—Bursting of cyst and escape of large numbers of young parasites. Highly magnified. 
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FIG. 6.—Cross section of skin and external muscles of small catfish, showing the parasite lying beneath the epithelium. A, epithelial layer; B, outer cell wall of parasite; C, nucleus of 
parasite. Highly magnified. 

Fis. 7.—Portion of the gill of a buffalofish, showing large parasite within the epithelium. 
Symbols the same as in fig. 6. Highly magnified. 

Fic. 8.—Section through a portion of the gill filament, showing embedded parasite. Symbols 
same as in fig. 6. Highly magnified. 

Pic. 9.—Several parasites after removal from a fish, viewed by reflected light. Magnified 
30 diameters. 

(Material for photographs in figs. 6, 7, and 8 was furnished by Dr. II. 8. Davis.) 
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consists in removing or destroying the large adult parasites after 
they have dropped off the fish. This may be accomplished by plac- 
ing the fish in swiftly running water, which carries away the para- 
sites before they have time to multiply and reinfect the fish. Long 
troughs or cylindrical tanks can be easily equipped for this purpose. 
The inside of the receptacle used should be coated with asphalt 
paint, so that the surface will be smooth and not likely to prevent 
the parasites from being washed away. The intake must be, con- 
structed in such a way as to maintain a steady flow of water through- 
out the length of the trough. At the overflow the water must be 
drained off from the bottom as well as the top in order to insure 
removal of the parasites whether they sink or are carried to the 
surface of the water. In the case of cylindrical tanks (see fig. 10) 
the rotation of the water causes the parasites to settle at the center 
of the tank, where they are immediately carried away. The treat- 
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Fic. 10.—Apparatus for the removal of parasites by a continuous flew of water. A, in- 
ee B, ee ee for inducing rotary circulation; C, drain from surface and 
ottom outlets. 

ment may be made even more positive by scrubbing the trough or 
tank every day with a strong salt solution after removing the fish. 
Jn warm weather infected fish may be cured by this method in 7 to 
10 days, and further epidemics can be prevented by quarantining 
newly brought in stock in this way. Successful treatment in any 
case depends upon combating the disease when the first symptoms 
are noticed and continuing it until all the parasites have had a 
chance to drop from the fish. 

In some instances swiftly flowing brooks or small streams might 
be utilized by fencing off a suitable section and placing the fish in it 
until cured. Fish in aquaria can be cured of the parasite, first, by 
removing all sand and dirt so as to have the bottom of the tank 
clean; second, by using about five large tadpoles to each square foot 
of bottom surface; third, by siphoning off each day all waste ma- 
terial that settles at the bottom; and, fourth, by adding a level 
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tablespoon of salt to each gallon of water about every other day. 
Goldfish and tadpoles will eat the parasites and by so doing prevent 
a rapid spread of the disease. 

Nets and siphons used around infected fish should be sterilized 
each time they are used in a strong brine solution lest the parasites 
be transferred to other tanks. 

ECONOMIC IMPORTANCE. 
@ 

The parasite Ichthyophthirius has proven fatal to catfish, sunfish, 
smallmouth black bass, goldfish, buffalofish, trout, bowfin, carp, 
tench, bream, crappie, white bass, pike perch, pickerel, pike, and 
whitefish, as well as to many tropical aquarium fishes. Other fresh- 
water species, such as perch, largemouth black bass, roach, sturgeon, 
gar pike, and eels seldom are killed by the disease or affected to any 
noticeable degree. 

At fish farms, aquariums, and hatcheries the disease has often 
caused a considerable loss of valuable brood stock and fry, the dam- 
age in many instances amounting to hundreds of dollars. Fishes 
that are imprisoned in pools and ponds by the receding of flood 
waters become infected with this disease and others under the 
crowded conditions and warm temperatures. The practice of rescu- 
ing these fish and transferring them to other ponds and aquaria is 
likely to result in serious epidemics unless the fish are quarantined 
and kept under observation for a short time. 

O 



OYSTER-CULTURAL PROBLEMS OF CONNECTICUT. 

By J. S. Gutsriy, Scientific Assistant, U. S. Bureau of Fisheries. 

That the situation in the northern oyster fields is a serious one has 
been evident for a number of years. In the Long Island Sound 
region, upon the seed production of which so much of the northern 
oyster industry has depended, where cultural methods had early and 
great development, and where oyster growing long ago became one 
of the big, highly organized industries, the “sets” or annual crops 
of young oysters have become light and irregular and production has 
greatly fallen off. Even the most successful growers have had to 
curtail their forces and equipment and reorganize on a reduced scale. 
Tf loss in volume had not in some measure been counteracted by an 
increase in price, many, if not all, of the concerns would have been 
put out of business. 

From the early days of the industry up to the end of the last cen- 
tury, “sets” in the oyster areas along the north shore of the Sound 
were generally heavy and almost unfailing. At first the seed oysters 
obtained from these “sets” were used for planting various inshore 
growing or conditioning areas, particularly bays, harbors, ete., in 
the region. Later such plantings were extended more and more into 
the Sound, and finally into the deep-water, offshore areas, the use 
of which has made this region famous. As its reputation for vitality 
and growing qualities became established, Connecticut “seed” came 
into great demand wherever in the north there existed areas adapted 
to growing or conditioning oysters but where the locally produced 
supply was insufficient or unsatisfactory. Thus a special stimulus 
was given to the production of seed. 

Gradually another set of factors helped to strengthen this situa- 
tion and increase such demand. In the early days of almost pristine 
purity of the waters, the oysters of Connecticut bore an excellent 
reputation for edibility and were readily and profitably marketable. 
The principal supply and all the more highly prized varieties came 
from harbors, small stream-fed bays, and the lower reaches of rivers. 
As industrial and sewage pollution increased in these estuaries, how- 
ever, the quality of the oysters deteriorated. Growing became more 
and more difficult. In time production was almost limited to the 
Sound. The Sound oysters, never having had the reputation pos- 
sessed by the harbor and river oysters, suffered less in quality than 
the latter but failed fully to take their place in the markets. This 
situation, combined with the reputation of the Sound oysters as seed, 
helped to make the oyster industry of Connecticut more and more 

. 

one of “seed” production. 

1 Appendix X to the Report of the U. S. Commissioner of Fisheries for 1923. B. F. Doc. 
No. 960. 
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An examination of the following table will show that after 1900 
“sets” in this region became generally light or scattering until 1911, 
when an excellent “set” was obtained, and that thereafter there 
was only one important “set”—that of 1914. Such was the situ- 
ation in the Connecticut oyster-growing region when the bureau’s 
investigations were begun in the spring of 1917. This state of 
affairs, which has continued up to the present time with slight modi- 
fications, was, of course, particularly menacing to an industry so 
largely one of seed production. What was the explanation of this 
lack of set, and what could be done to restore it? Intelligently to 
answer either of these questions, even in part, there is required an 
understanding of the development or life history of the oyster, par- 
ticularly the early life history, and a due appreciation of the factors, 
local and general, that affect its development and distribution. 

Table showing the extent of oyster sets in Connecticut waters from 1885 to 1928, 
inclusive.* 

Year Set. | Year. Set. Year. Set. 

| 

Good. None.? 
Unknown Excellent. 
Excellent. air. 
Light. Light. 

Do. Poor. 
..| Excellent. | Very poor 

; Very pond. _.! Excellent 
0. ..| Seattering. 

Fair. ne eld BAN Us 
A Very goed: } 0. 

oO. 190824. 56 stcebe oe | Seattering. 
Good. O09 ase ne ete | Poor. 
Uneven. ISIOLZE 32 SEE Do. 

1Compiled chiefly from reports of various oyster houses, and since 1917 from personal observations. 
2 Tt is reported that there was a good set in this year, but that it was destroyed by storms. 

e 

Tn its final stage the oyster is a sessile bivalve, fixed to one spot and 
taking from the water only such minute food as comes within the 
reach of the current produced by means of the wave action of its 
infinitely numerous cilia. In the younger stages its life is quite 
different. 

As Brooks? discovered many years ago, the sexes of the oysters 
of the Atlantic coast of the United States (Ostvea elongata Solan- 
der) are contained in different individuals—not combined in one, 
as is the case with the European oyster, Ostrea edulis. The female 
oyster produces many millions of minute eggs or female reproductive 
cells; the male, countless millions of still more minute actively swim- 
ming sperms. With the warming of the water in the spring the 
oyster feeds more and more actively, and the development of the 
sexual products takes place. Finally, when these are matured, eggs 
and sperms are cast into the water under the influence of an increase 
in water temperature. If eggs and sperms are cast at the same time 
from oysters near one another, the sperms find the eggs and develop- 
ment of the oyster begins. If neighboring oysters do not spawn at 
the same time, union of male and female cells fails to occur. and 
whatever spawn is cast is wasted. 

2 Brooks, W. K., “ Development of the American. oyster.” Report of the Commissioners 
of Fisheries of Maryland, January, 1880 (for 1879), pp. 35-37. Annapolis. 
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From the fertilized egg the oyster develops rapidly into a swim- 
ming embryo containing its own nourishing material, and from that, 
within a day or so, depending upon the temperature, it develops into 
another, more vigorously swimming stage—the microscopic, actively 
feeding larva with a double or two-valve shell somewhat like that 
ofaclam. This stage continues much longer than the previous one. 

Although the larva’s habit of occasionally settling to the bottom 
tends, to a limited degree, to check the influence of the tide, during 
these early stages the oyster is practically at its mercy. Aside from 
this settling habit only the back-and-forth or reciprocal action of the 
tide and whatever collecting or stationary effect it may produce by 
means of eddies prevent the larve from being carried hopelessly 
about and broadcasted, as it were, in the most wasteful and destructive 
manner. Finally, a very small proportion of the oysters complete 
the larval stage, “set” by attachment to firm, hard objects such as 
oyster shells, and attain the spat or first sessile stage. 

Experience and the science known as ecology teach us that for any 
proper understanding of the life of any organism—plant or animal— 
we must study it in relation to its environment—organic and inor- 
ganic, dynamic and passive. The environment of the oyster, ob- 
viously, is an aquatic one, but not all aquatic environments are 
suitable for it. Fresh-water areas are, of course, ruled out, and so 
are those of full ocean saltness. Between these two extremes are 
the moderately salty or brackish areas. It is in such areas, which 
embrace so many sounds, bays, harbors, and estuaries of all sorts, 
that the oyster finds its proper environment; but here, again, qualifi- 
cations must be made. Food organisms must be sufficiently plentiful, 
enemies not too abundant, the bottom neither too soft nor too shift- 
ing, the chemical content of the water such that no serious poisonous 
effect will be produced, and the water temperatures those to which 
the oyster may easily adapt itself. 

That both salimity and temperature are important factors in 
Long Island Sound oyster cultivation is apparent from consideration 
of the situation. The Sound is almost the northern range limit 
of the oyster along the Atlantic coast of the United States. Being 
a very large body of water with a tremendous tidal flow from the 
ocean, its salinity is reduced comparatively little by the generally 
small if rather numerous rivers that flow into it. It therefore ap- 
proaches the range limit both as to salinity and temperature. Al- 
though the salinity of the Sound is rather high for the develop- 
ment of oysters of the very best “ meat,” it by no means shows an. 
unfavorable effect on reproduction. Summer temperatures, however, 
have a very important bearing in this regard. | 

It has long been known that water temperature 1s an important 
factor in oyster spawning, a fact which the work of the bureau’s 
investigators has served to emphasize. This does not mean that any 
hard and fast rule can be laid down for the relationship between 
water temperature and spawning, nor does it follow that temperature 
is the only influence involved, but it is an observed fact that oyster 
spawning can be held back by low temperature and induced or 
“ forced ” by an increase in water temperature. Under natural con- 
ditions the really vigorous and extensive spawnings almost, if not 
quite always, are coincident with a marked rise in temperature. 
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Although, as before stated, no exact rule as to the effect. of tem- 
perature on the spawning of oysters can be formulated, something 
of the relationship between the two can be given. At temperatures 
below 70° such spawning as occurs is almost invariably of the slow, 
little at a time, or dribbling sort, but under certain circumstances 
ripe oysters, previously deterred from spawning by low water tem- 
peratures, will spawn vigorously when a rise comes, even if this rise 
stops somewhat short. of attaining 70°. In general, however, spawn- 
ing at temperatures appreciably below 70° is of the dribbling sort, 
which does not produce heavy sets. If temperatures approaching 
70° have been maintained sufficiently long to insure seasonal sexual 
maturity, but not long enough to allow the dribbling of most. of the 
spawn, an increase to 70°, if maintained for a day or two, will 
produce active concerted spawning. Under similar circumstances an 
increase in temperature markedly above 70° will cause extremely 
vigorous and almost universal spawning. In northern waters 
abundant larve and “ heavy ” sets are produced only by these vigor- 
ous concerted spawnings. 

The accompanying maps (figs. 1 and 2) make clear the historic 
fact that the great natural oyster areas of Connecticut were harbors, 
lower reaches of rivers emptying into the Sound, and sections in 
the Sound just off the mouths of these estuaries and so situated as 
to be affected by the flow from them. These were the great. self- 
maintaining areas and the natural producers of seed oysters. As 
they became depleted and were turned over in greater or less measure 
to private enterprise they, with some extensions in the Sound, became 
the great private seed-producing grounds. 

The principal reason for this condition is to be found in the early 
and high warming of the water in the estuaries. This warming 
produced concerted and vigorous spawning, which in turn produced 
vast numbers of embryos and then larve. Coming at an early date 
it gave excellent opportunity for the larve to develop and set and 
for the set to make a good growth and pass through the more delicate 
early stages before the September storms set in. These sets were 
not confined to the estuaries themselves but extended naturally some 
distance into the Sound. By planting shells for the larve to set on, 
oyster-culturists increased these Sound setting areas. 

Under private culture, as long as conditions in the harbors and 
rivers made oyster growing or conditioning profitable, fairly large 
beds were maintained. As conditions became worse, fewer and 
fewer oysters were planted on the private harbor or river grounds, 
and those grounds that were still public became depleted. With 
the general passing of harbor and river production came the gen- 
eral failure of “sets.” With the failure of “sets” came such an 
extended depletion of Sound areas that the chance of good “sets” 
from the spawning of Sound oysters was reduced. Obviously, if 
the Connecticut oyster industry is to be kept going, either effective 
estuarial spawning beds must be maintained or oyster planting in 
the Sound must be of such a type that reasonably good sets may 
occur at reasonably frequent intervals.® 

2 This consideration of the question takes no notice of the possible success of “ arti- 
ficial’ set production, but even if this were developed, it is questionable how much it 
would benefit Connecticut with its best oyster areas so largely destroyed. 
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In general,* conditions became so bad that the planting of oysters 
in harbors and rivers was no longer profitable except as to such 
set as might be produced; so bad, in fact, that it was difficult even 
to maintain oyster beds in these places, and the chance of set pro- 
duction was very poor. Indeed, water collected in 1918 at various 
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locations in one of the more highly industralized harbors was found 
by Dr. E. P. Churchill, formerly in charge of the bureau’s oyster 
investigations, to be quickly fatal to oyster larvee even when diluted 
one-half with unpolluted water. This means that to get any ap- 

* New Haven is the principal exception, but even there much trouble is experienced. 
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preciable relief either conditions in the estuaries would have to be 
greatly improved or attention turned to the Sound.® 
Improvement in harbors and estuaries is very greatly to be de- 

sired, and their restoration to conditions really favorable to oyster 
culture would be a wonderful boon to the oyster industry. Not 
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only would seed production be improved, but the finest of the grow- 
ing and conditioning areas would be returned to productivity, the 
oyster business of the State increased, and the country’s total of 
high-class market oysters augmented to a marked degree. 

>See footnote 3 on p. 4. 
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The chief factor to be corrected in order to bring this about is 
trade-waste pollution. Domestic sewage pollution is, of course, un- 
desirable, and when sufficiently great it makes necessary the trans- 
fer of oysters to pure water for cleansing. Where such pollution 
is excessive, it may produce such a degree of depletion of dissolved 
oxygen as to be harmful or even deadly to oysters or other aquatic 
forms. If rapid sedimentation from contact of the sewage with 
salt water (“salting out”) occurs over an oyster bed, much damage 
may be wrought. Moreover, in these days of the automobile, even 
if trade wastes in the sense of discarded by-products of manu- 
facture be kept from the municipal sewers, many poisonous petro- 
leum products are inevitably present in untreated sewage. ‘There- 
fore, from the standpoint of oyster production as well as from that 
of health, municipal sewage discharge into oyster waters should be 
prevented or properly controlled. However, as before stated, the 
principal factor to be corrected in this highly industrialized region 
is trade-waste pollution. Many of these trade wastes are actively 
poisonous to oysters or other edible forms, or to the organisms on 
which they feed. The prevention of the discharge of harmful 
trade wastes is the great problem to be solved in the restoration 
of the most valuable of Connecticut’s oyster waters. 

In order to shed light on some of the specific improvements needed, 
the bureau’s investigators tested the effect of various important in- 
dustrial pollutants® on oyster larve and spat. Doctor Churchill, in 
1920, used various solutions of metallic salts, which, in strengths of 
10 parts of copper, 20 parts of zinc, and 45 parts of lead per million 
parts of water, were quickly fatal to small oyster larve. He also 
found various dyes to be highly poisonous. More recently the author 
conducted experiments with salts of these heavy metals and with a 
few other substances to test their effect on embryos, larvee, and spat. 
The results of these experiments were tested by means of “ controls,” 
in which embryos, larvee, or spat were kept under the same conditions 
except that pure water, lacking the chemicals, was used. Where exper- 
iments were prolonged the water was changed from the same source, 
both for the controls and for the poisoning experiments, with a 
renewal of the chemicals for the latter. Except where otherwise 
indicated there was approximately 100 per cent survival in the con- 
trols. This consistent high survival shows that the loss in the poison- 
ing experiments was due to the addition of the chemicals. 
Although spat, because of their ability to remain tightly closed 

for hours and probably days at a time, are difficult to poison quickly, 
yet they are satisfactory subjects for most tests because of the ease 
with which they may be kept alive. In the tests of the effect. of 
metallic salts upon spat, the copper salts have consistently proved 
most deadly. A copper-salt solution containing 1 part of metal per 
million was fatal in 5 days to 70 per cent of the spat exposed to it. 
A solution of slightly less than 2 parts per million was fatal in four 
days to all spat exposed to it. Solutions of zine and lead salts of 
10 parts of the metal per million exhibited no greater toxicity than 
did solutions of 1 and 2 parts of the copper per million. With 

6 Determined by the investigations of J. W. Sale, now chemist in charge, Water and 
Beverage Laboratory, Bureau of Chemistry, U. S. Department of Agriculture. 
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sulphuric acid in a. 0.01 per cent solution, 18 per cent mortality oc- 
curred in 5 days. Logwood in a 0.1 gram per liter solution ne ae 
only a moderate fatality—25 per cent in 12 days—but was evidently 
more harmful than the rate of fatality indicated, for it proved so 
obnoxious to the spat that they remained closed a large portion of 
the time. Such an effect would be very harmful to oysters in any 
stage, and probably would be fatal to the larve. 

Larve succumb to poisoning more readily than do spat, but they 
are much more difficult to manipulate and observe. With large 
larve, copper-salt solutions in strengths varying from 10 to 0.5 parts 
of copper per million, and zinc or lead salts in solutions of 10 parts 
of the metal per million proved fatal in less than a day. In the 
controls the greater portion of the larve lived into the second day 
and frequently many of them survived for several days longer. 
Embryos were used in only one poisoning experiment with a 

copper-salt solution of 10 parts of the metal per million. In this 
the embryos suffered no apparent ill effects for a little over an hour. 
The next morning, however, all were dead and disintegrating.e No 
marked mortality was observable at this time in the control, in which 
considerable numbers of the embryos lived until night. 

These experiments make it clear that copper, even in very small 
amounts, is a serious menace to the oyster industry, and especially to 
that vital part of it—seed production. If anything is to be done to 
bring the estuaries back to their former high productivity the pre- 
vention of the discharge of copper-containing wastes should be the 
first step taken. Zinc, lead, strong acids, and logwood, among the 
substances tested, should also be guarded against. J. W. Sale, water 
and beverage laboratory, United States Department of Agriculture, 
while investigating for the bureau, found all of these substances in, 
or being discharged into, the waters of industrialized rivers and har- 
bors opening into the Sound. The metals, in particular, have not 
only been found in the effluents from industrial plants, but have 
also been revealed by analyses of water samples taken from the 
rivers and harbors of the region. Copper, indeed, has been found in 
solutions of just under 0.5 parts per million where oysters formerly 
abounded. It is altogether probable that at some stage of the tide 
this strength may, on oceasion, be equaled or even slightly exceeded. 
Although something can be and has been accomplished by plant- 

ing oysters in harbors and rivers solely for spawning purposes, yet 
unless the pollution of these waters can be prevented the source of 
any really extensive set must be sought in the Sound, where far the 
greater portion of the oysters is located. 

In the Sound, oyster lots are roughly graded into two classes— 
inshore and offshore. Offshore lots frequently possess advantages 
over inshore lots as holding grounds, as otherwise, with the increased 
depth and other drawbacks, they would not be kept stocked with 
oysters when inshore lots are available. However, from the funda- 
mental standpoint of seed production—that is, as a location for 
oysters to produce the great and early abundance of larve needed 
for “heavy” and sufficiently early sets—they are almost hopeless. 
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The bureau’s investigations have shown’ that the time elapsing 
between fertilization of the egg and setting is approximately two 
weeks. Another two weeks is required to bring the spat to about one- 
fourth of an inch in diameter. Spat should have attained this size 
early in September to be commercially valuable, able to withstand 
shifting from starfish or drill-infested grounds, or capable of with- 
standing the September storms. If September 7 (about the latest 
reasonable date) is allowed for the attainment of this size, then set- 
ting should occur by August 24 and spawning by August 10. This 
eliminates deep-water offshore lots, over which the bottom water 
warms slowly, to no very high degree, and for a brief season only, 
for on these active oyster spawning at such an early date is almost 
unknown. 
With the inshore lots the story is a different one. On these, even in 

the colder summers, spawning begins in earnest only a little too late 
to be effective. In the warmer, more favorable summers it begins 
two weeks or more before the limit chosen. Spawning on these lots 
has, therefore, in so far as time is concerned, an excellent chance to 
be effective. For it really to be effective, however, large plantings of 
oysters should be maintained on inshore lots—that is, lots within 
three-quarters of a mile or even a mile of shore. Although the dan- 
ger from storms prevents the use of quite a portion of the inshore 
lots, especially those nearest shore and therefore most desirable for 
the location of oysters for spawning, many of them are available. 
To keep these well stocked, all planters should cooperate so that one 
planter may not feel that he is supplying the set for somebody else 
instead of for himself. With such action properly and continuously 
carried out, there is, from the data available, substantial evidence 
that improved sets would result. 

CONCLUSIONS. 

The chief conclusions as to improvement in oyster production in 
Connecticut are as follows: 

1. For the restoration of the Connecticut oyster industry, in both 
quantity and quality, to its former productivity, it will be necessary 
greatly to improve water conditions, especially in the almost barren 
harbors and rivers from which formerly came the more highly 
prized oysters and in which were produced the vast numbers of 
oyster larve so largely responsible for the “ heavy sets” of the past. 
To accomplish this, municipal sewage discharge should be controlled, 
and the discharge of harmful trade wastes, especially those from 
copper and brass works, should be prevented. 

2. Until a change of conditions in estuaries makes oyster growing 
in them generally and extensively profitable, any great improvement 
by methods available at present must be produced by increased 
“sets ” derived from the spawning of Sound oysters. Oysters on off- 
shore Sound lots spawn too late to be effective. On the other hand, 

7 Annual manuscript reports of Doctor Churchill and the author. Also the work of 
Drs. Julius and T. C. Nelson (see report of the department of biology of the New Jersey 
Agricultural College Experiment Station, New Brunswick, N. J., for 1922, p. 330), and 
experiments by H. F. Prytherch, of the Bureau of Fisheries. 



10 U. S. BUREAU OF FISHERIES. 

oysters on inshore lots (those within three-quarters of a mile or even 
a mile of shore) quite frequently spawn early enough to produce 
usable and hardy set. Therefore special and concerted action should 
be taken by the growers to keep such of the inshore grounds as are 
at all satisfactory well stocked with oysters. The evidence strongly 
indicates that by this means an improvement—small in comparison 
to that which would result from a thorough reestablishment of har- 
bor and river growing, but still a considerable and much needed 
one—could be brought about. 

O 
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INTRODUCTION. 

The great oyster fisheries of the Atlantic coast have in the past 
few years experienced an alarming decline in_ productiveness. 
Though the extensive methods of oyster culture practiced by many 
of the oyster growers have assisted greatly in maintaining a constant 
supply, they have not been sufficiently reliable to guarantee a crop 
from year to year. The rapid decline of this valuable industry has 
been brought about by a constant depletion of the oyster beds from 
various factors, such as pollution, overfishing, unfavorable climatic 
and hydrographic conditions, natural enemies, and use of shells for 
various commercial purposes. 

Careful scientific studies of the life history and environment of 
the oyster have assisted greatly in improving the cultural methods 
now in use but have not perfected them to such an extent that an 
annual harvest can be relied upon from year to year. Briefly stated, 

1 Appendix XI to the Report of the U. S. Commissioner of Fisheries for 1923. B. F. 
Doe. 961. 
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oyster culture in the United States consists of (1) acquiring suitable 
submerged bottom, (2) cleaning and preparing that bottom for the 
growth of oysters, (8) sowing thereon shells or other material 
(cultch) for the attachment and growth of the young oysters, (4) 
insuring the production of larval oysters by the proximity of natural 
or planted beds of adult oysters, (5) protecting the oyster beds from 
enemies, (6) transplanting as occasion requires to prevent over- 
crowding and to facilitate growth and fattening, and (7) culling 
and sorting for market.? 

To conduct oyster cultivation along such lines a considerable in- 
vestment of capital is necessary, and the yearly program involves a 
heavy expense in preparing to catch a “set” of the young oysters. 
In the event of a failure to obtain a good “ set,” which unfortunately 
has been the common occurrence of late years, the expenditure that 
has been made is a total loss, and is further increased if the cultch 
is taken up and dried out for use the following year. 

Consequently the aim of oyster growers and biologists interested 
in this work is to place oyster culture on such a basis that a harvest 
may be expected each year from the capital expended in planting and 
cultivating the beds. 

In view of existing conditions, experiments were undertaken at 
Milford, Conn., during the summer of 1923 to perfect a method of 
artificial propagation by which oysters could be raised from the egg 
in sufficiently large numbers to make the process one of practical 
value, and to determine under controlled laboratory conditions the 
most important factors necessary and favorable for growth. 

The author wishes to acknowledge his appreciation of the valuable 
and cordial cooperation rendered by the Connecticut Oyster Farms 
Co. in carrying on these investigations, and especially the help and 
suggestions given by Capt. Charles E. Wheeler of that company rela- 
tive to various studies of the oyster situation and for generously sup- 
plying oysters, laboratory facilities, men, and boats for this work. 

LIFE HISTORY OF THE OYSTER. 

The common oyster (Ostrea elongata Solander) of the Atlantic 
and Gulf coasts of the United States is bisexual; that is to say, each 
individual possesses only one kind of reproductive organs, either 
male or female, which do not change during the life of the indi- 
vidual. 
During the summer millions of eggs are discharged by the female 

oyster, which, after fertilization by the elements from the male, 
develop after a day or two into free-swimming larvae. These float 
and swim about with the tides and currents for a period of two or 
three weeks, depending upon the existing conditions, such as tem- 
perature, density, food, and tides. At the end of this free-swimming 
period they attach themselves, if possible, to such suitable objects as 
shells, rocks, brush, etc., which offer a clean hard surface to which 
they may adhere (see figs. 7, 8, and 9). Though ten to sixty million 
eggs are produced by a single full-grown oyster, only a few survive 
and grow to a size suitable for market. After the young oyster has 
attached itself, or “set,” it is incapable of changing its position, 

2“ Ovsters: The world’s most valuable water crop.’ By Hugh M. Smith, National 
Geographic Magazine for March, 1923. Washington, 
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and if successful in surviving its natural enemies and occasional 
unfavorable conditions it will mature to marketable size in two to 
four years. 

HISTORY OF ARTIFICIAL OYSTER CULTURE. 

The idea of artificial oyster culture 1s not a new one. Since the 
first attempts in France in 1858 by Professor Coste to raise oysters 
by artificial means, very much has been done and written concerning ~ 
the oyster and its culture. Unusual accounts of the immense pro- 
duction that might result from the artificial culture of the oyster 
have appeared from time to time in papers and books, of such 
plausibility that even practical oyster growers were led for a time 
to believe that with little labor great sums might be realized by 
raising oysters for the table. The first experiments in France were 
for the most part complete failures, but gradually, from a study of 
the localities where favorable results were obtained, a method such 
as may be found in use along the shores of France to-day was 
perfected. This method of artificial oyster culture comprised two 
very distinct branches—one being production, and the other rearing 
and fattening. 

Production consists in placing adult oysters on the beds as a 
source of spawn and collecting the spat or embryo oysters that attach 
to suitable objects in the water after swimming about for a short time. 
These objects or collectors save vast numbers that otherwise would 
be lost and enable the oyster growers to harvest a crop each year 
on the grounds they have prepared. 

Rearing consists in placing the spat, when sufficiently developed, 
in the best locations possible, where they will grow rapidly and be 
sheltered from the attacks of their natural enemies. When large 
enough for market the oyster is kept under such physical conditions 
as will fatten it and render it most suitable for the table. This 
method, as developed along the shores of France, is the most perfect 
and thorough system of oyster culture in the world. However, 
though methods similar in principle to those of the French have been 
carried on to some extent in the United States, they have been lim- 
ited necessarily by the high cost of labor, different tidal and cli- 
matic conditions, and the difference in the species of oyster. In 
order to improve upon the methods of cultivation as practiced in the 
United States at present, attempts have been made since 1880 to 
develop a process whereby the oyster larve can be hatched and 
reared in receptacles or tanks until they set. These studies in arti- 
ficial propagation were first carried on by Brooks, Ryder, Rice, and 
Winslow, but proved unsuccessful after several years of endeavor. 

In carefully reviewing the results of their work the reason for 
failure is attributed mainly to one thing—filtration. The oyster 
eggs and larve are microscopic in size, and the greatest problem 
has been to find a means of permitting a flow of water and yet 
retaining the larvee. 

Later, in 1920, oyster larvee were reared to setting size by W. F. 
Wells, of the New York State Conservation Commission, by the 
use of a milk separator for renewing the water in which the young 
oysters were kept. The process again proved successful in 1923, 
when a greater number of oysters was produced by artificial means, 
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but as yet this method has net been perfected to such an extent that 
it is commercially practicable. Further experiments with a new 
method of artificially propagating the oyster were conducted by the 
U. S. Bureau of Fisheries at Milford, Conn., during the summer of 
1923, the results of which will be described in the following work. 

OBJECT AND SCOPE OF THE INVESTIGATION. 

The various reasons for undertaking experiments in artificial 
propagation are, first, to determine a reliable method for obtaining 
healthy, vigorous spawn in quantities; second, to devise a means for 
rearing the free-swimming oyster larvee until they reach the setting 
stage; third, to make more extensive studies of the oyster larve 
under controlled conditions in regard to embryonic development, 
habits, food, and most favorable environmental conditions; fourth, 
to produce larve for tests in regard to the effect upon them of vari- 
ous chemicals in solution; fifth, to try out new materials for col- 
lecting and handling “set”; and sixth, to determine from the re- 
sults obtained the possibilities of making artificial propagation suc- 
cessful on a practical commercial scale. 

The many steps involved in artificially propagating oysters con- 
sist briefly of (1) obtaining natural spawn from the adults, (2) rear- 
ing the larve during the long free-swimming period, (3) placing 
suitable collectors in the water at the proper time for the attach- 
ment or “ setting” of the larve, and (4) transferring the young at- 
tached oysters or “spat” to protected beds where conditions are 
most favorable for growth and development. 

EQUIPMENT USED IN THE INVESTIGATION. 

Careful observations of salt-water aquaria have indicated that, in 
general, metallic apparatus is unsuitable if a pure and natural water 
supply is to be maintained. The corroding action of the sea water 
upon brass, copper, galvanized iron, etc., renders them unfit as recep- 
tacles for the storage and conveyance of salt water. For this reason 
the equipment used in this investigation was constructed of wood, 
hard rubber, and glass when possible, in order that nearly natural 
conditions might be produced. The apparatus used consisted of one 
cylindrical 500-gallon wooden storage tank, one rectangular 100- 
gallon wooden spawning tank with trays, four rectangular 25- 
gallon rearing tanks, two small cylindrical rearing tanks, an air- 
compressor, rotary water pumps, glass pipe, and hard rubber and 
wood faucets. The problems of filtration were solved to a great 
extent. by the use of a new material known as “ filtros.” It is a 
white, rigid, porous, artificial stone, composed essentially of silica, 
and is similar to a sand filter in block form. The various grades of 
uniform porosity in which it is made make it suitable for retaining 
materials or organisms of any definite size and still allow a good 
flow of water. The filtros blocks used in the experiments were 12 
inches square and 14 inches thick and were fitted into grooves in 
the rearing tanks as shown in Figure 1. Blocks of various densi- 
ties were used in accordance with the growth and size of the larve, 

and after being in use for five or six days were easily cleaned with 

a 
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Fic. 1.—Experimental oyster hatchery, showing outdoor equipment consisting of one large 
spawning tank and three rearing tanks with filter blocks in place. 
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Fic. 2.—Artificial spat collectors coated with paraffin and sand, which allows heavy sets to 
break up into single oysters after one or two months. 



Fic. 3 —Adult oysters spawning naturally on tray in large spawning tank. 

Fic. 4.—Artificially propagated oyster spat collected on sea-scallop shells for observation. Lower 
row, spat 7 weeks old; upper row, spat 3 weeks old. The three shells on the left in the upper 
row were kept in the rearing tank while the others were placed in the harbor. 
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a garden hose. For retaining the larve when 10 days old, fine 
monel metal screen was used and proved quite satisfactory for use 
in salt water. 

SUCCESSFUL METHOD OF HATCHING AND REARING YOUNG 
OYSTERS. 

In order that the various important factors affecting the artificial 
propagation of the oyster may be clearly understood, a résumé will 
first be made of the method that proved successful in hatching and 
rearing the young oysters. The brood stock of adult oysters used 
for producing spawn consisted of native oysters grown at Milford 
and southern oysters planted there by the bureau in 1919. These 
oysters were planted on shallow inshore beds in Gulf Pond, where 
the warm temperatures would mature them for spawning at an early 
date. 

Numbers of the large oysters were placed on trays in the spawning 
tank, and the temperature was gradually increased until the water 
was filled with the spawn ejected by the adults (see fig. 3). Im- 
mediately after spawning had ceased, the oysters were removed and 
the eggs allowed to develop to the swimming stage in the warm 
water. Then the embryo oysters were transferred to the rearing 
tanks, and when supplhed with running water they developed shells 
in 40 to 48 hours. The use of a mechanical agitator at this time 
helped greatly in bringing about a natural and rapid development 
of the oyster larve. For retaining the embryos a combination 
filter of loose, fine sand and filtros was used until the embryo oysters 
had reached the shell stage. From that time on the larve were 
held in by the filtros blocks of various grades, which were changed 
to suit the growth and size of the forms. When the larve were 10 
days old, or older, they were held in by means of fine monel metal 
screens, which permitted an unusually good flow of water. 

After a period of from 15 to 20 days the larvee were ready to “ set,” 
and collectors of various materials were placed in the tanks for their 
attachment. In the first successful test over 150 spat were found 
“ set” on the collectors, and in the last over 1,000 spat became at- 
tached (see fig. 4). The loss in numbers from the countless eggs pro- 
duced by the adult oysters was traced to mechanical defects in making 
the filters fit closely and not to a mortality of the larve. After the 
spat had grown for a day or two in the rearing tanks they were 
transferred to favorable places in the harbor, where a maximum 
growth might be obtained. The care of the oyster after attachment 
is easily accomplished by the modern methods of culture, 

REPRODUCTION AND DEVELOPMENT. 

SELECTION OF THE OYSTERS. 

The adult oysters used for the production of spawn were taken 
from the inshore beds early in the summer and from the deep-water 
offshore beds later in the season. In this way it was possible to 
obtain mature spawn from oysters in Long Island Sound from early 
in July until September, as the genital products of the oysters in 
the warm, shallow waters mature earlier than those of oysters in 
deep water. 
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The quantity of spawn found in the oysters is determined largely 
by the time of spawning and the previous weather conditions. Ovys- 
ters one year old are capable of producing mature spawn, though 
for artificial propagation oysters three to five years old are con- 
sidered the best. In sorting over the brood stock to be placed on 
the trays in the spawning tank only those oysters are selected that 
are free from the boring sponge, drill spawn, mussels, barnacles, 
hydroids, and tube-building worms, and which, from a noticeable 
amount of new growth around the edges of the shell, appear to be 
healthy. If necessary they can be scrubbed with a stiff brush to 
remove any excessive growths that may cover them. 

SPAWNING. 

The act of spawning consists in the discharge of the ripe re- 
productive elements into the surrounding water by both sexes of the 
oyster. The actively moving spermatazoa swarm about and fertilize 
the eggs, a single spermatazoon penetrating each egg membrane, the 
head of the spermatazoon passing on in after the tail has dropped 
off. The material of the head unites with that of the egg and causes 
the development of the egg cell into an embryo oyster. 

The general method, since Brooks’s initial experiment, for obtain- 
ing fertilized eggs has been to artificially mix the spermatazoa and 
eggs after stripping them from the ripened oysters, which have 
been opened. This method is unreliable, crude, wasteful, unnatural, 
and in most cases unnecessary, and undoubtedly accounts for many 
of the failures in the various attempts to artificially propagate 
oysters. It is impossible to determine how nearly ripe the spawn 
may be in any group of oysters without opening them, and conse- 
quently many are wasted before specimens apparently suitable for 
stripping are found. The experiments conducted at Milford have 
proved without a doubt that an enormous number of fertilized eggs 
can be produced by a natural process and the adults saved for future 
use. This process consists in placing the oysters in tanks of slowly 
running water, in the sunlight, where spawning is induced by the 
rising temperature. In every attempt made from July 10 to Sep- 
tember 1 the oysters spawned readily and produced a greater amount 
of spawn than could be taken care of with the small-scale equipment. 
The spawning occurred at temperatures ranging from 68 to 75° F., 
and lasted over intervals of 15 to 30 minutes (see fig. 3). At higher 
temperatures than 75° the spawn was released slowly and immediately 
settled to the bottom of the tank, whereas normally it would be for- 
cibly ejected into the water and would float about forsometime. It 
was observed that the female oyster discharged the eggs in puffs at in- 
tervals of about 30 to 50 seconds, while the products from the male 
were emitted continuously in a slender, white, thread-like stream. In 
this way, when the trays of oysters were placed near the surface 
of the water, it was possible to proportion the numbers of each sex 
when spawning began, and one male was found to produce sufficient 
spermatazoa to fertilize the eggs from four females. The genital 
products can also be distinguished with the naked eye as the eggs 
appear as clouds of tiny white specks when discharged into the 
water, while the spermatazoa appear to fade away almost immedi- 
ately after leaving the oyster. From these experiments it is evident 
that if oysters have reached sexual maturity, it is far better to have 

te fae | 
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them release the spawn naturally than to sacrifice the parent oysters 
by stripping it from them together with considerable débris and 
unripened eggs, which quickly foul the water. When spawning 
first begins the running water is shut off and in some cases the 
spawning is temporarily arrested by draining and flushing out the 
tank and refilling with a fresh supply, after which spawning takes 
place more vigorously than ever. 
When the oysters have ceased spawning they are immediately re- 

moved from the tank and the eggs allowed to remain in the warm 
water until the first swimming stage is reached. The transfer of the 
swimming embryos to the rearing tanks may be accomplished in 
either one of two ways—first, by pouring them through No. 20 bolt- 
ing silk to remove any possible débris or enemies which may have 
gotten into the water; or second, by having a steady stream of water 
from the surface of the spawning tank to the rearing tanks, which 
will carry over only the most vigorous of the swimming embryos 
and leave any unfertilized eggs, débris, etc., behind. 

In one instance (on July 26) a group of 11 month-old oysters 
spawned for over five minutes at a temperature of 694°. A sample 
of this observed in a watch glass developed as normally as that of 
the older oysters. 

EMBRYONIC DEVELOPMENT. 

The young oyster that develops from the egg is extremely unlike 
the adult and undergoes a variety of changes until some time after it 
sets, when it acquires the asymmetrical characteristics of the adult. 
The fertilized egg develops into a swimming form in from 6 to 10 
hours at moderate temperatures, and when about two days old 
acquires two tiny shells that continue to grow and surround the body 
of the larva. This early stage is characterized by a straight hinge 
where the shells are joined together, and precedes the most critical 
period in the development of the larva. At the time that the straight 
hinge disappears and the larva becomes more rounded in shape, it 
has apparently used up the yolk supply from the egg and is begin- 
ning to take in microscopic food from the water. If it survives this 
period, it can be reared through the succeeding stages without diffi- 
culty. 
An the larva increases in size one valve becomes much deeper than 

the other and has a more prominent umbone, which enables one to 
distinguish the oyster larva from that of any other bivalve.* The 
deeper valve is the left one and that by which the oyster later be- 
comes attached. After swimming about for a period of two or three 
weeks the larva becomes about one-third of a millimeter (one 
seventy-fifth of an inch) long, and if the proper conditions are 
present it “ sets.” 

SETTING. 

The terms “ fixation,” “spatting,” and “setting” are applied to 
the attachment of the larva to some firm, clean surface with which 
it comes in contact. The left valve becomes attached by means of a 
shelly secretion of the left lobe of the mantle, which serves to cement 
it to the surface the larva has selected. In artificial propagation the 

*The oyster and the oyster industry of the Atlantic and Gulf coasts. By E. P. Chur- 
eee jr. Appendix VIII, Report U. 8. Commissioner of Fisheries, 1919 (1921). Wash- 
ngton. 
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various collectors are placed in the tanks previous to the setting stage 
and become quite evenly covered with the spat. The number of spat 
desired on any particular collector can be regulated by the length 
of time they are left in the tanks and by observing the numbers that 
have become attached from time to time. 

GROWTH OF SPAT. 

The growth of the oyster spat after “setting” is quite rapid under 
favorable conditions. Observations made in 1922 of the growth 
from the time of setting showed that in 13 days the spat attained an 
average size of one-fourth of an inch (6 mm.) when placed just 
below the surface of the water. The daily average sizes (maximum 
diameters) of set measured in August, 1922, are given below in 
millimeters: 

Just attached (larval — shell fieday-old'spat) 2S Basse 1. 675 
Oni iy) (fees crepe ay eit cpt 0. 33 8-day-old.spatset es pa ae, 2.144 

leday-oldspatss = be ee . 402 9-day-old spalt. tse 5% epee eee ys nee 2. 680 
DEOL VEO LOS pet Osco oe olen ide aes) 603) | Weday-oldispat=—— soem ns eee ee 3. 216 
SCL -OLO SPs eens ae cee eS COM alld Oa y=OlG Spa te eae eared 6. 000 
day-old:spati. oe 10) iss MOOS jy ils-day-oldrspatee- ee 10. 000 
Dadayoldispat ot Ml pwr ary! se ae LAISOH 23-day-oldispats. 222352 ane 14. 000 
G-daly-oldispal.2—- ust ee i [217133 

Average 

diameter 

in mm. 

5 He 

Bb tt 

Walle 
a2 4 6 8 10 12 14 16 18 20 22 24 26 

“Number of days old. 
Fig. 5.—Average rate of growth of spat after setting, from August 2 to August 25, 1922, 

Milford Harbor, Conn. a, Size of spat at time of setting. 
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Artificially grown spat that set on sea-scallop shells placed in the 
rearing tanks on August 2, 1923, attained an average growth of 27 
mm. (1% inches) in two months. Some of the others, which set 
on August 18, 1923, were kept in the rearing tanks, while the rest 
were placed in the harbor. The average growth, for a period of 
three weeks, was 12.5 mm. for those in the harbor and 14 mm. for those 
kept in the tanks (see fig. 4). The temperature of the running water 
in the tanks was generally higher than that found in the harbor and 
undoubtedly accounts for the better growth. In one year the oysters 
attain an average length of 3 inches and width of 1} inches when 
placed on inshore beds in Milford Harbor. In two years they can 
be taken up for the half-shell trade, and measure on the average 44 
inches in length and 2% inches in width, and are much deeper. This 
rapid development occurs only on the inshore flats where food is 
abundant and the temperature of the water is high. On the deep- 
water beds of the Sound it requires about four years for an oyster 
to attain a length of 4 or 5 inches, or a marketable size. 

FACTORS OF ENVIRONMENT. 

TEMPERATURE. 

The temperature of the water during the development of the 
oyster from the egg to the spat is of considerable importance. It is 
undoubtedly the greatest infiuence in determining the rate at which 
growth and development take place and is coincident with the suc- 
cess of the experiments. The life processes of the egg, embryo, and 
larval oyster are hastened by a high temperature and retarded by a 
low one. A violent change or extreme high or low temperature will 
kill the young oysters or considerably impair their vitality. Several 
attempts were made to hasten the development of larvee by keeping 
the temperature from 80 to 85° F., but this invariably resulted in 
a total loss of the forms. In the successful experiments the tem- 
perature ranged from 65 to 75°, and was kept as near 70° as possible. 

DENSITY OF WATER. 

The water used for rearing the larvee was pumped on the flood 
tide and had a density ranging from 1.019 to 1.0218 during July and 
August. Just how great an influence the density of the water has on 
the oyster embryos can not be stated, though it seems probable that 
any considerable change in this respect would be detrimental to such a 
delicate organism. Changes in density and temperature are closely 
correlated so that it is hardly possible to state the exact influence of 
either without allowing for the other. Due to the supply of fresh 
water from the ]and the density of the water in the harbors and on the 
inshore beds is generally lower than that found offshore, and when 
within a range of density between 1.011 and 1.022 is most suitable 
for oyster growth. 

LIGHT. 

A comparative study of conditions in the rearing tanks that were 
placed in the sunlight with those- that were kept in indirect light 
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strongly indicates that for the purpose of artificial propagation the 
latter are more desirable. ‘The tanks receiving less light maintained a 
more even temperature, kept clean longer, and developed the larvee 
more rapidly than those placed in the sunlight. Sunlight and high 
temperatures do not accelerate the development of the larve but 
promote the growth of bacteria, infusoria, and minute plants which 
foul the water and necessitate frequent changes of tanks and filters. 
The setting of the larve occurred as heavily on the light side of the 
collecting shells as it did on the darkened side as both sides were 
equally clean. 

WATER SUPPLY. 

A pure and uncontaminated supply of salt water is essential and 
necessary for the propagation of any marine animal. By pumping 
on the flood tide the water in Milford Harbor was found suitable 
but not ideal for experimental work. Each year a small scattered set 
occurs in the harbor, which indicates that in general conditions there 
are favorable for the development. of oyster larve. The water was 
pumped to the 500-gallon reservoir at every flood tide when possible, 
in order to maintain a good quality in storage for distribution to the 
spawning and rearing tanks. The reservoir was drained and cleaned 
occasionally though very little sediment was found to have settled in 
the bottom. 
From the reservoir five glass pipe lines with separate wood valves 

conveyed the salt water to the various tanks where it was projected 
through fine sprays in order to create a circulation. The water level 
in the rearing tanks was controlled by hard-rubber overflow valves 
that were located at one end of the tanks outside of the filters. 

FOOD AND ENEMIES. 

The food of the oyster larve consists of ultra-minute organisms or 
nannoplankton, which are found in abundance in ordinary sea water. 
The plankton was excluded from the water supply by means of a net 
made of No. 20 bolting silk through which the water was pumped 
before going into the reservoir. This also removed all large known 
enemies of the larve and allowed only the nannoplankton to pass 
through. 

The presence of infusoria in abundance in the tanks is an indica- 
tion that conditions are becoming unsatisfactory and foul as a result 
of the death and decomposition of many of the embryos. To separate 
the healthy embryos from these organisms, which collected at the bot- 
tom of the tanks, was at first a problem but by allowing a good over- 
flow of water to a new tank the more vigorous ones soon swam out 
to the new quarters. As the larve increase in size and-pass the 
straight-hinge stage they can be readily separated from infusoria, 
sediment, etc., by the use of bolting silk. However, a troublesome 
growth of infusorians was experienced only in the tanks placed in 
sunlight and with spawn taken from artificially fertilzed eggs, 
when making various tests with it in comparison with natural spawn 
under the same conditons. 

! 

. 
| | 
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ZERATION. 

ZMration as a means for producing conditions favorable to the 
development of the eggs and larve was tested out in many experl- 

ments. Apparatus of many designs with varying degrees of exra- 

tion proved useless when tried out with the young oysters at every 

stage of development. It was hoped to carry the minute embryo 

oysters through the first stages in water that was purified and 

agitated by compressed air, as the filtros blocks were not fine enough 

to restrain them until they had developed shells, but their develop- 

ment in erated water was slow and generally resulted in an early 

death of the embryos or produced shell forms of such decreased 
vitality that they lived only a short time. Winslow’s experiments 

in 1822 to oxygenate the water by eration likewise proved unsuccess- 

ful, and this factor as a necessary step to success is questionable. 

RUNNING WATER. 

The most important result of the summer’s investigation into the 
controlling factors necessary for success in artificial propagation 
is that oyster eggs and larve will develop and grow in salt water 
aquaria as fast and as vigorously as they will in nature if supplied 
with running water. The first batch of spawn placed in the un- 
seasoned apparatus was given a constant supply of water from the 
beginning in spite of the fact that many got around the filters and 
were lost. They developed normally from day to day and “set” 
with practically no mortality 15 days after spawning. In the suc- 
ceeding experiments the water supply was diminished and every at- 
tempt made to retain all of the larve, with the result that stagna- 
tion and fouling occurred and all of the forms died. The next suc- 
cessful experiment was accomplished by providing a good supply 
of running water and would have yielded a greater crop of spat 
had it been possible to prevent the soft embryonic forms from pass- 
eer the filters. 

y introducing the water into the rearing tanks in fine jets it was 
easy to produce a circulation and agitation throughout the tanks 
similar to that found in nature. For carrying the embryos through 
to the shell stage, a glass rod agitator proved effective for use with 
a very slight flow of water. This prevented a heavy loss of the 
forms up the shell stage but was not perfected in operation until 
September, when it became too cold to conduct the experiment 
further. 

FILTRATION, 

Oyster eggs and embryos are so extremely small that they will 
pass through felt or the finest bolting silk and consequently it can 
readily be seen that it is a difficult problem to create a flow of water 
and at the same time prevent the passage of such minute organisms. 
A method for accomplishing this was not found until the first week 
in September, when thousands of healthy straight-hinge larve were 
produced but could not be reared to setting size because of the cold 
weather when water temperatures dropped overnight to 50 and 54° 
F. and soon killed them. 

The apparatus that solved this perplexing problem consisted of a 
half barrel equipped as shown in Figure 6. The filtros plate was 
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covered with a 2-inch layer of fine white sand and the rate of flow 
through it was regulated by the valve e. The half barrel was filled 
with water up to about 6 inches over the sand and freshly fertilized 
eggs placed in it. A fine stream of water from the faucet a kept up 
a constant circulation in the barre] from the time the eggs were put 
in. Tests from time to time at the drain e indicated that none of the 
eggs were passing out through the sand or filtros, but as no trace 
could be found of the embryos in the barrel above the sand layer it 

S 
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Tic. 6.—Barrel equipped for developing oyster embryos to the shell stage. 
a, Fine stream for supplying salt water and circulation in the barrel ; 
b, salt water containing embryos; c, 2-inch layer of fine sand; d, filtros 
block ; e, drain pipe with control yalve, 

yas thought at first that they had died and that the apparatus was 
a failure. However, after a period of 48 hours, it was decided to 
wash out the sand and try a new batch of spawn. In turning a 
heavy stream of water into the barrel and opening wide the valve e 
it was found that thousands of vigorous larvee with well-developed 
shells were washed out into the triple layers of bolting silk placed 
there. This was indeed encouraging, as the filtros blocks were suit- 
able for rearing them once they had developed shells. This experi- 
ment was repeated several times with success and it is to be regretted 
that the lateness of the season prevented carrying the larve through 
to setting and making the summer’s work one of production as well 
as theory. 
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COLLECTION AND TRANSPLANTING. 

An important consideration in placing artificial propagation on a 
commercial scale is that of collecting and transplanting heavy “ sets ” 
by a method that would be practical and efficient. A variety of 
collecting materials was tried out in Milford Harbor to determine 
just how certain ones would weather unfavorable conditions on the 
beds. A new type of collector for handling artificially propagated 
oyster spat was made from cardboard egg-crate partitions, which 
were dipped in hot paraffin and then covered with coarse sand (see 
fig. 2). They quickly sank to the bottom and were heavy enough 
to withstand tides and storms in a moderate depth of water. The 
partitions remained in place for over a month when suspended at the 
surface of the water, and longer when placed on the bottom, and 
regardless of how they are dropped into the water they settle in such 
a way that there is no chance of smothering the spat. They are 
cheap collectors, capable of collecting thousands of spat and in two 
or three months wil break up, producing large numbers of small 
single oysters, the most desired product in oyster culture to-day. 
The degree of spat concentration that is most suitable will be deter- 
mined by future experiments. 

Other objects, such as brush, rope, netting (fig. 7), shells (fig. 9), 
tin cans, etc., coated with paraffin and sand, asphalt, cement, and 
plaster of Paris were also found suitable to some extent as col- 
lectors. The artificially propagated spat were caught on a sea-scallop, 
clam and oyster shells, and small clay flower pots, as there were 
not sufficient numbers to warrant using the larger collectors. The 
loss of spat from handling or other agencies was less than 1 per 
cent, and in transplanting them to the most suitable grounds no 
greater loss should be sustained if they are properly handled. The 
problem of catching and handling the set is insignificant in com- 
parison with that of producing larve ready to attach themselves, 
and improvements in this respect will quickly come when a depend- 
able method for the latter has been perfected. 

SUMMARY. 

The primary object in writing this paper is to lay before prac- 
tical oyster growers and biologists the various problems that have 
made artificial propagation of the oyster a difficult task, and to 
briefly describe experiments used in finding some solution for them. 
The summer’s work was conducted for the purpose of studying these 
problems more thoroughly and to make detailed observations of 
the many natural conditions in the environment of the oyster to 
determine the influence they exert upon the eggs, embryos, and free- 
swimming larve. The continuation of this work in the future will 
aim to develop this method on a production basis so that it may be 
perfected to such an extent as to be of value to the practical oyster 
industry. 

Northern oyster growers are to-day paying as high as $1,000 for 
1,000,000 year-old oysters, or for one-fiftieth of the number that a 
single full-grown female oyster is capable of producing. 
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Surely a system of artificial propagation that can produce the 
same results with a smaller expenditure can be perfected in the 
future if natural conditions are studied, imitated, and placed under 
control. Such an important object can hardly be attained at a single 
leap, but eventually it will be reached after a series of careful and 
painstaking experiments and the accumulation and study of facts 
have broadened our knowledge in regard to the habits and require- 
ments of the oyster throughout its life history. 

O 
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FISHERIES OF KEY WEST AND THE CLAM INDUSTRY OF SOUTH- 
ERN FLORIDA.* 

By Witui1am C. ScHroeprer, Scientific Assistant, U. S. Bureau of Fisheries. 

CONTENTS. 

DEER VE SEES AYES EY YSIS APS ea Ee ee ee ee ee 1 
ra RIN ES UCAS UME SESE TC eee eee ee 2 
LoS Ua USNS ao DT 8 BG De ee eens eke ee eee eee 3 
Annotated list of commercial food fishes found in the vicinity of Key 

SRS peer oe at ce kk ge a ed See a 4 
MUSUINS? TES OSI SS ue eee SO ee ee es eee aay eee 35 
ECTS, A EST ST ag sae hI ae AE I Sg 2 en 38 
Seine tH CK CRE TSH Oly 2 ne 82 2 SPN AEST. pod aS ot eee Silt See 40 
RESIS ERI SNe Tyree gtk SF i pele ee ay ee ee aa 3 
STIG Tel Ta gee See, Ore oe EES eo) eee es Se one SE ere. Ee a 49 
TEey HVE TESTA iY ae a Se ees ee ee eS eee ee 50 
STEVE (Gee LST ST pee os Seip a ile ie gt AI a ree er a ae ees 54 
coe) CLG Te SO Ga Oe I oh a Ll iE ia ee le SPE re eee 59 
Giamcindustry- of southern Mioridayes* | ti Sea iee ia ee esas 59 
CES Sig 0a ees open eae eee ae BP eg Pg MRO Sees SOE es 50 eek aie Melee pee OP eee ne ee nee ene £.. 68 

KEY WEST FISHERIES. 

Key West was settled in 1822, and from the very beginning of its 
existence fishing formed one of its principal industries. At the 
present time fishing is, perhaps, of first importance to the inhabit- 
ants, although in value of output it is exceeded by the cigar industry. 

The fishermen’s equipment and their methods of fishing and dis- 
posing of their catches are practically the same to-day as they were 
40 or 50 years ago. Indeed, many of the small fishing boats now in 
use are at least 40 years old. The only fisheries which have shown 
noteworthy developments during the last half century are those of 
the spiny lobster and the Spanish mackerel. 

The Bureau of Fisheries’ statistical canvas of 1918 shows that 458 
persons were engaged in the fisheries of Monroe County at that time, 
and nearly all of these were credited to Key West. This number is 
considerably augmented in winter, however, during the height of the 
mackerel and kingfish season. In 1918 fishing vessels not engaged 
in shore fishing, together with outfits and various apparatus, were 
valued at $38,435; transporting vessels with their outfits at $14,450; 
311 sailboats, power boats, and rowboats, together with various 
equipment and apparatus, at $80,837; and shore and accessory prop- 
erty amounted to $56,287 in value—a grand total of $190,009. The 

1 Appendix XII to the Report of the U. S. Commissioner of Fisheries for 1923. B. F. 
Doc. No. 962. 

al 
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various fishery products credited to Monroe County in 1918 totaled 
aaa, pounds, which represented a first value to the fishermen of 
$290,170. 

Most of the wholesale trade in fish is carried on from November 
to April, when perhaps 90 per cent of the annual catch of fish is 
taken. Several dealers operate during the entire year, but others 
are actively engaged in Key West only during the winter. Dealers 
in sponges and turtles operate throughout the year. All the whole- 
saling is done with dealers outside the city. 

It was not until 1920 that an ice-making and cold-storage plant 
was built to take care of excess catches of fish. Previous to that 
time, notably early in 1919, the fishing industry suffered severe losses 
when the one small ice-making plant in the city became disabled. 

The retail fish trade is taken care of at the wharves, where the 
fishermen keep their catches alive in boat wells or in live cars, selling 
direct to the consumer. ‘There are no local retail stores that sell 
fish, but small quantities are peddled in pushearts throughout the 
city. A person desiring to buy fish goes to the wharves, looks over 
the stock in the various live cars, and selects the fish he wants. The 
fisherman then removes the fish selected from the live car with a 
dip net and cleans and strings them without severing their heads. 
This method of keeping fish is especially desirable in such a warm 
climate, as it eliminates icing and insures fresh fish at all times. 
The variety of fish sold in Key West is probably greater than in any 
other locality in the United States. <A string of fish as sold at the 
fish wharves usually consists of from 2 to 4 species, but if one so 
desired one would have no difficulty in buying a string containing 
20 fish of different kinds. 

The fishing fleet is composed mainly of small boats, some of which 
are equipped with sails only, some with gasoline engines, and some 
with a combination of the two. These boats seldom travel far from 
land and are used chiefly in fishing on near-by reefs, which are 
numerous about Key West. Very few boats of the larger and better 
type are owned locally, but a number of such vessels come from the 
east and. west coasts of Florida to fish at Key West during the 
winter. 

The most important products of the Key West fisheries are reef 
fishes, Spanish mackerel, kingfish, mullet, sponges, turtles, spiny 
lobsters (Panulirus argus), and stone crabs (Menippi mercenaria). 
The catch of conchs, although small, is peculiar to the Atlantic coast 
of the United States, and while the hard clam, or quahaug (Venus 
mercenaria mortont), does not occur at Key West, the clam industry 
of southwest Florida is of great importance. Each of these fur- 
nishes an individual fishery that will be described in the following 
pages. 

SMALLER REEF FISHES. 

The small fishes inhabiting the reefs among the Florida keys are 
caught at all seasons of the year. They comprise, for the most part, 
grunts, snappers, yellow-tail, porkfish, porgies, turbot, jacks, and 
small groupers. : 

The boats used in this fishery are from 20 to 40 feet in length, 
with cockpit aft, fish well in the center, and with space for sleeping 
quarters, if so utilized, forward below deck. Generally but one 
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person, or at the most two, constitutes the crew. Fishing is done 
entirely with hook and line. The general equipment consists of 
numerous fish hooks and lines, a small minnow seine or cast net with 
which to secure fish bait, a pair of “grains” for spearing spiny 
lobsters also for bait, a small dip net for removing fish from the well 
when desired, a barrel of fresh water, a supply of food, an open- 
grate wood stove, some dry firewood, and the necessary bedding for 
accommodation over night. 

Some of the fishermen return from the day’s fishing by late after- 
noon, while others remain away for one or more days, fishing at 
more distant points where somewhat larger or perhaps more desir- 

able fish may be found. The fishery is of local importance only, 
as these fish rarely are shipped from the city. Because of the 
regularity of the fishing throughout the year the value of the annual 
catch is quite large and assumes a prominent place among the other 
fishery resources of the region. 

Practically all of these smaller fishes are kept alive until sold. 
Each boat, as already stated, is equipped with a fish well, where the 
fish are retained after they are removed from the hook. At the 
wharf the fisherman has one or more live cars in which the fish are 
placed in order to display them for sale, leaving the boat’s well 
empty for the next fishing trip. A well-stocked live car is a pretty 
sight, as many of the reef fishes are beautifully colored. 
A fishing boat without a well would be quite useless for reef fish- 

ing in this region, as the fish would spoil long before they could 
reach the market. Ice is used to preserve only those species that will 
not live in confinement, such as the mullet, kingfish, or Spanish 
mackerel. The fish well is carefully constructed of from 2 to 4 inch 
lumber, according to the size of the boat, and the seams are caulked 
with the same care that is given to the outer hull. At the base the 
four sides fit snugly with the contour of the boat and converge 
toward the top like a frustum of a pyramid, which the well diagram- 
matically resembles. The top of the well fits flush with the deck 
and is covered with a trapdoor, which is removed during actual 
fishing. The floor of the well, which is part of the hull, is pierced 
with numerous 1-inch holes to permit a constant interchange of 
water. 

The necessary equipment for reef fishing is simple, the running 
expenses are small, the fishing grounds are near by, and the fish 
are readily caught and quickly sold. The fishery, however, does not 
appear to be overcrowded, for the markets are more liable to be 
without fish than to be overstocked. 

LARGER REEF FISHES. 

The larger reef fishes consist mostly of groupers, jewfish, hogfish, 
large porgies, and large snappers. They are taken throughout the 
year, although each at certain seasons furnishes better fishing than 
at other times. Larger boats are used, and fishing is carried on 
in deeper water than for the smaller reef fishes. 

The few Key West boats that engage in this fishery range in 
length from 30 to 75 feet, or from the half-cabin dory type to the 
small schooner. Since hand lines only are used, the equipment is 
similar to that of the smaller boats. A crew of from two to five is 
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usually carried, and the boats remain away from several days to a 
week, or until the fish wells are sufficiently stocked to warrant a 
return to port. Cuban boats often fish near Key West, and some- 
times they land at that city and dispose of their fish. 
A portion of the catch is sold locally in Key West, but much the 

greater part is shipped to Cuba and to various cities in this country. 
The fish are brought in alive by the fishermen, but they are iced in 
the markets. Large boxes weighing about 200 pounds each, and 
holding 900 pounds of fish and 400 pounds of ice, are used in. ship- 
ping fish to Cuba. The fish are transported to Cuba by large freight 
and passenger steamers that sail almost daily during the winter and 
several times a week during the summer. Each box is heavily con- 
structed, and a number is painted on the side in large figures, so that 
a consignment can be checked and a record made of the empty boxes 
when returned. Shipments within the United States are made in 
barrels containing 200 pounds of fish and about 100 pounds of ice. 

ANNOTATED LIST OF COMMERCIAL FOOD FISHES FOUND IN THE 
VICINITY OF KEY WEST. 

In the following annotated list of fishes an attempt has been made 
to include every species found within the general vicinity of Key 
West that is locally considered a food fish. Some of the species men- 
tioned are too scarce to be of much importance, while others are not 
regarded very favorably, but, nevertheless, these are included in 
order to make the list as complete as possible. Other species, such 
as sharks, rays, morays, and salt-water catfish, are taken but are 
excluded here because they are not locally regarded as food fish. 
All of the fishes listed are to be found within Monroe County, which 
includes the islands or keys from Key Largo south and a small area 
in the southwestern part of the Florida peninsula. 

1. Tarpon atlanticus (Cuvier and Valenciennes). Tarpon; Silverfish. 

The tarpon visits Key West during the winter months, but is not as 
common there as along the western coast of Florida. It is primarily 
a game fish and is rarely eaten. However, it is sometimes seen in the 
Key West markets, where it is sold in steaks at a low price. Because 
of its great game qualities the tarpon attracts many sportsmen to the 
State and is directly and indirectly a source of large annual revenue 
to the inhabitants. It isa very powerful fish and is caught only with 
hook and line, generally by trolling, using mullet for bait. It is 
most common in Florida and the West Indies. Maximum length 
about 8 feet; average, about 5 feet. 
Range—\saacs Harbor and Harrigan Cove (Nova Scotia) to 

Brazil. 

2. Albula vulpes (Linnzus). lLadyfish; Bonefish. 

This fish is not rare among the Florida Keys and is sometimes 
found in the markets. However, it is not highly regarded as a food - 
fish, and its commercial value is negligible. Maximum weight, about 
5 pounds; average, 14 pounds. 

Range.—Tropical seas. Generally common on our coasts north 
to San Diego (Calif.) and Florida. Stragglers have been recorded 
as far north as Woods Hole, Mass. 
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3. Tylosurus marinus (Walbaum). MHoundfish; Garfish; Needlefish. 

The houndfish is common about Key West and other Florida keys. 
It is not highly regarded as a food fish and therefore is but rarely 
eaten. Usually only large examples, about 3 feet in length, are to 
be found in the markets. Several smaller species (7’. notatus and 
T. timucu) are common, but never appear in the markets. 7’. raphi- 
doma and 7’. acus, each attaining a length of 4 feet or more, are 
sometimes utilized for food. Although unimportant in the markets, 
all these species are good food fishes. On a dark and quiet night 
when rowing or poling a small beat these fish are commonly struck 
while swimming at the surface. On such occasions they rather 
startle one with their vigorous splashes over the surface gradually 
dying out in the distance, like stones skittered over a pond. Hound- 
fish are taken in seines and with hook and line, but they take only a 
moving bait. 
Range—T. marinus is found from Casco Bay (Me.) to Texas, 

and is generally common from Chesapeake Bay southward. The 
other species mentioned are common from the Florida keys to Brazil, 
sometimes straying to North Carolina and northward. 7’. acus is 
recorded from as far north as Nantucket, Mass. 

4, Mugil curema Cuvier and Valenciennes. White mullet; Silver 
mullet. 

The silver mullet is abundant about Key West and all the other 
Florida keys, where the annual catch is nearly as great as that of 
the striped mullet (J/. cephalus). It is taken with gill nets in 
brackish or salt water throughout the year. It prefers protected 
regions in bays, rivers, and about islands, and generally travels in 
schools over shallow bottoms, stirring up the mud in a search for 
food. Sometimes schools of a few hundred or a thousand fish simul- 
taneously leave the water with a single jump, falling back with a 
resounding splash. Most of the spawning is believed to occur dur- 
ing May and June along the Florida keys, but no gravid fish have 
been observed. The silver mullet is a food fish of some importance 
in Key West, where it is sold either salted or fresh. Maximum size, 
about 14 inches; average, about 104 inches. 
Range.—Cape Cod to Brazil; Lower California to Chile. 

5. Mugil cephalus Linneus. Mullet; Jumping mullet; Striped mullet. 

_ The striped mullet is fairly common among the Florida keys, but 
is not taken in large quantities in the immediate vicinity of Key 
West. The bulk of the catch is taken with gill nets. The striped 
mullet is an excellent food fish, and commercially it is the most 
valuable fish caught within the State of Florida. The mullet fishery 
is described elsewhere in this paper. Maximum size, 10 pounds; 
average size among Florida keys, 14 pounds. 
Range.—Widely distributed. Coasts of southern Europe and 

northern Africa; Atlantic coast of America from Casco Bay (Me.) 
to Brazil, and in the Pacific from Monterey to Chile. Abundant 
from Virginia to Texas. 
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6. Sphyreena barracuda (Walbaum). Barracuda; Picuda. 

The barracuda is rather common among the Florida keys, where 
it is taken throughout the year, generally by trolling. It is a game 
fish of some merit and is much sought after by sportsmen. It is a 
large voracious fish, attacking prey larger than itself, and is much 
feared by bathers. At Key West it is a food fish of some importance, 
although its flesh is considered inferior. It is not sold in large quan- 
tities, but as many as 2 dozen may be seen in the market on certain 
days during the winter. Maximum size, about 8 feet; average, about 
4 feet. 
Range.—Cape Cod to Bahia, Brazil; Bermuda; Gulf of Mexico, 

north to Pensacola. Generally common. in the West Indies and 
among the Florida keys; not common north of Florida. 

7. Upeneus maculatus (Bloch). Red goatfish. 

The goatfish is comparatively rare along the Florida keys, but is 
eceasionally seen among the smaller fishes brought in by the hand- 

Fic. 2.—Striped mullet (Mugil cephalus). 

line fishermen. In Porto Rico it is a food fish of considerable im- 
portance. Maximum size, about 12 inches; average, about 9 inches. 
Range.—North Carolina to the West Indies; Bermuda, Cuba, 

Porto Rico, and Martinique. Rare north of Key West. 

8. Sarda sarda (Bloch). Bonito. 

The bonito is taken asa straggler along with the Spanish mackerel. 
Jt is a pelagic species inhabiting the Atlantic Ocean and is found 
both in Europe and in this country. It is a food fish of some impor- 
tance, although inferior to the mackerel. The annual catch along 
the Florida keys is negligible. The maximum weight is about 15 
pounds; average, 3 pounds. 

Range.—Atlantic Ocean. Found along the European coast and 
on the North American coast from Casco Bay (Me.) to Florida, 
or perhaps farther south; not definitely recorded from Central or 
South America. 

9. Scomberomorus maculatus (Mitchell). Spanish mackerel. 

The Spanish mackerel is now the most valuable food fish taken in 
the immediate vicinity of Key West. However, it is only during 
recent years that large numbers have been caught in southern Flor- 
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ida. It is taken from November to April in this locality and is 
caught with gill nets, purse seines. and hook and line. It is one of 
the choicest food fishes taken on the Atlantic coast. A description 
of the fishery is included elsewhere in this paper. Maximum size, 
25 pounds, which, however, is very exceptional, as individuals weigh- 
pee pounds are rare; average size of Key West fish, 2 pounds. 

ange.—Monhegan (Me.) to Brazil. Not common north of Mary- 
land. Small quantities taken in lower Chesapeake Bay from June 
until October; rather common off the North Carolina coast from 
May until October; most abundant in southern Florida. Distributed 
throughout the Gulf of Mexico, where its movements are irregular. 
Recorded from Jamaica, Porto Rico, and Panama. In Cuba it is 
rare. Found also on the Pacific coast from California southward. 

10. Scomberomorus regalis (Bloch). Kingfish; Cero; Spotted cero; 
Sierra; Pintado. 

The sierra, or kingfish, is a food fish of considerable importance 
among the Florida keys, but is somewhat less common than S. cavalla, 
with which it is closely associated. It is caught exclusively by trol- 
ling from motor or sail boats. The fishing season for this species ex- 
tends from November to March. The kingfish fishery is described 
elsewhere in this paper. Maximum weight, about 35 pounds; aver- 
age, about 5 pounds. 
Range—Monomoy (Mass.) to Brazil. Uncommon north of 

Florida; known from Cuba, Jamaica, Martinique, and Porto Rico. 

11. Scomberomorus cavalla (Cuvier). Kingfish; Cero; Cavalla; 
Sierra. 

This species is taken during the same season and under the same 
conditions as is the sierra (S. regalis), but because of its larger size 
and somewhat greater abundance it is the more important of the two. 
Considerable confusion has arisen over the common names of these 
two species, and the terms used appear to be interchangeable. As a 
rule, however, in the Key West markets S. regalis is known as “ king- 
fish” or “sierra,” while S. cavalla is called “kingfish” or “ cero.” 
Maximum weight about 75 pounds, but examples over 50 pounds are 
comparatively rare. Notwithstanding the many large fish caught, the 
average weight is only about 7 pounds. 
Range.—Cape Cod to Africa and Brazil. Not common north of 

North Carolina; found in open seas of tropical Atlantic. 

12. Seriola dumerili (Risso). Amberfish; Amber jack. 

The amber jack is caught about Key West by trolling and is taken 
incidentally only during the winter along with the kingfish. It is 
considered a fine game fish. Its occurrence is irregular, and it appears 
never to be taken in large numbers in this region. Several hundred 
were brought to the Key West market during one week in January, 
1919, and 35 fish were seen during the last week of February of the 
same year. The fish taken near Key West generally weigh from 20 
to 70 pounds. In the markets the fish are dressed and cut into 
steaks for the local trade. Maximum weight, about 100 pounds; 
average, about 35 pounds. 
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With regard to this species the following is stated in “ Fishes of 
Panama,” by Meek and Hildebrand, now in press: “ A study of ma- 
terial available in the National Museum indicates that this genus is 
in need of revision. We have included Seriola lalandi in our 
synonymy, believing it to be identical with the present species. There 
is a difference in the depth of body, but this appears to be only a 
variation among individuals. It also seems probable that the banded 
forms may yet prove to be the young of this species.” 
Range.—Cape Cod to Africa and Brazil. Not common north of 

North Carolina; found in open seas of tropical Atlantic. 

13. Decapterus punctatus (Agassiz). Scad; Cigar-fish. 

The scad is said to be rather common on the coasts of Florida, but 
its appearance in the Key West markets is only occasional. The 
annual catch does not exceed a few hundred pounds. The maximum 
size is not definitely known, but probably does not exceed 2 pounds, 
with an average of one-half pound. 
Range—Woods Hole (Mass.) to Brazil. Common in Bermuda 

and West Indies; small fish sometimes rather common about Woods 
Hole, Mass., and Long Island, N. Y. 

14. Selar crumenopthalmus (Bloch). Big-eyed scad. 

This fish is not common in the Key West markets. It is taken 
from time to time by the hook-and-line fishermen and is considered 
a fair food fish, Maximum weight, about 8 pounds; average, 1 
pound. 
Range.—Both coasts of tropical America and in tropical seas gen- 

erally; on the Atlantic coast it is extremely rare north of southern 
Florida. 

15. Caranx bartholomzi Cuvier and Valenciennes. Yellow jack. 

This species is less abundant than the several other species of 
“jacks” commonly seen in the fish markets at Key West. It is com- 
mon in the West Indies. The maximum weight is not definitely 
known, but it probably does not exceed 3 pounds; average, one-half 
pound. 
Range.—Usual] range Florida to West Indies and Panama. Known 

from Porto Rico, but not common there; common in Cuba; rare 
north of Florida, but sometimes straying to Woods Hole, Mass. 

16. Caranx hippos (Linneus). Jack; Runner; Crevalle. 

This species is the most abundant of the various species of “ jacks” 
or “runners” that are found about Key West. It is a good food fish 
and commands a ready sale in the markets. Fish weighing 5 or 6 
pounds are not rare. It is taken by bottom fishing or by trolling 
and is worthy of mention as a game fish. It is found throughout 
the year, but is most common during the winter. Its maximum 
weight is 20 pounds, but it seldom weighs more than 10 pounds, and 
its average is 1 pound. 
Range.—Both coasts of tropical America, north to Lynn, Mass., 

and Lower California; East Indies. 
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17. Caranx crysos (Mitchill). Hard-tail; Jurel; Runner; Jack; Cre- 
valle. 

This species is taken throughout the year about Key West under 
the same conditions as is C. hippos. It is a food fish of importance 
locally but is smaller in size than C. hippos. Large numbers of half- 
pound fish are commonly found in the live cars about the fish 
wharves. Maximum weight, about 8 pounds; average, one-half 
pound. 

Range.—Ipswitch Bay (Mass.) to Brazil. Common south of 
Maryland, entering lower Chesapeake Bay, where it rarely takes the 
hook but is rather common in pound-net catches. 

18. Caranx latus Agassiz. Horse-eye jack; Jurel; Runner. 

This species is less common about Key West than C. hippos or 
C. crysos. It is taken in small numbers by trolling, and sometimes 
a small school is captured in a Spanish-mackerel net. As a food 
fish it is not as highly regarded as the other species of Caranx. The 
maximum size is not known, but the average is not over one-half 
pound at Key West. 
Range.—Virginia to Brazil. 

19. Vomer setipinnis (Mitchill). Moonfish. 

This little fish is caught very infrequently and only during the 
winter. It is taken on the bottom with hook and line and is es- 
teemed as a food fish. The maximum weight is about 1 pound, and 
the average is one-third of a pound. 
Range—Halifax (Nova Scotia) to Uruguay; not common north of 

Virginia. The young are common in lower Chesapeake Bay during 
the summer and fall. 

20. Selene vomer (Linneus). Moonfish; Lookdown. 

This species is often confused with Vomer setipinnis but may be 
distinguished from the latter at a glance by the prolongation of the 
first rays of the dorsal and anal fins. Around Key West it is some- 
what more plentiful than Vomer. It is taken chiefly in the winter 
and is highly esteemed as a food fish. The annual catch is very 
small. Maximum weight, about 2 pounds; average, one-half pound. 
Range.—Casco Bay (Me.) to Uruguay; not common north of 

Chesapeake Bay. 

21. Trachinotus glaucus (Bloch). Gaff-topsail pompano. 

This species is seldom taken at Key West and is confused by fisher- 
men with other species of pompano. It may be identified by the long 
anterior rays of the soft dorsal and anal and by the presence of four 
black vertical bars on the back and sides. It is utilized for food, 
but the annual catch is negligible. Maximum weight, about 2 
pounds; average, one-half pound. 

Range.—Virginia to Panama; generally common along east coast 
of Florida and in Porto Rico. 
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22. Trachinotus faleatus (Linneus). Round pompano. 

This species, like 7’. glaucus, is seldom seen in the Key West mar- 
kets. The few fish caught are called “pompano” and are utilized 
for food. Maximum weight about 3 pounds; average, one-half 
pound. 
Range.—Woods Hole (Mass.) to Brazil. Adults not common 

north of Florida; young, 1 to 2 inches long, taken in southern Mas- 
sachusetts and lower Chesapeake Bay, whence they are transported 
by the Gulf Stream. Rather common in Bermuda. 

23. Trachinotus goodei Jordan and Evermann. Great pompano; 
Permit. 

The great pompano is taken with hook and line near Key West 
during the winter. The annual catch, however, is small. It is a 
fair food fish, but inferior to the common pompano (7. carolinus). 
Maximum weight, about 40 pounds; average, 8 pounds. 
Range.—Usual range North Carolina to West Indies; rare north 

of Florida. The young (about 3 mches long) have been recorded 
from Woods Hole, Mass. 

24. Trachinotus carolinus (Linneus). Common pompano. 

This species is the most valuable of the pompanos and is consid- 
ered one of the choicest of all salt-water fishes. About Key West it 
is taken in small numbers during the winter, but the annual catch 
issmall. It is more common along both coasts of Florida, preferring 
sandy bottom, where it feeds near shore on small mollusks and 
crustaceans. At Key West it is taken with hook and line and, inci- 
dentally, in mullet seines. It always commands a high price and is 
esteemed for its rich flavor in all parts of its range. Maximum 
weight, 8 pounds; average, 14 pounds. 
Range.—Woods Hole, Mass., along the South Atlantic coast and 

Gulf of Mexico to Brazil. Not common north of Chesapeake Bay, 
in the West Indies, or Brazil. 

25. Pomatomus saltatrix (Linneus). Bluefish. 

The bluefish is taken along the Florida keys only during the 
winter—generally between December 15 and February 15. <A few 
are caught by trolling, but the greater part of the catch is taken 
along with the Spanish mackerel in gill nets or purse seines. Durin 
the past 10 years the annual catch has been from 10,000 to. 15,000 
pounds. The entire catch is shipped to New York, where it com- 
mands a high price, for fresh bluefish are scarce in northern markets 
during the winter. The bluefish is one of the best American food 
fishes. Its maximum weight is given as 27 pounds, but examples 
weighing more than 12 pounds are uncommon. The usual weight 
of the Key West fish is between 2 and 4 pounds, while 6 pounds is 
about the maximum. 
Range.—Wide distribution; Atlantic and Indian Oceans; occasion- 

ally enters the Mediterranean Sea; Malay Archipelago; Australia; 
Cape of Good Hope; Natal; Madagascar. Not recorded from the 
Atlantic coast of Europe or from Bermuda. On our coast it has 
been recorded as far north as Mount Desert, Me. 
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26. Rachycentron canadus (Linneus). Sergeant fish; Crab-eater; Black 
bonito. 

This species is rarely caught along the Florida keys. It is a good 
food fish and has some commercial importance in the West Indies 
and along our Middle and South Atlantic States. It is taken with 
hook and line on rocky bottom, generally in 40 to 80 feet of water. In 
Chesapeake Bay, where it is called “black bonito,” it is caught in 
small numbers from May until October, but it is most abundant during 
June. The largest fish recorded weighed 84 pounds and was taken 
in Chesapeake Bay during June, 1921. The average weight is about 
10 pounds. 
Range—New Jersey to Brazil; East Indies. 

27. Centropomus undecimalis (Bloch). Snook; Rabalo; Sergeant fish. 

The snook is rarely taken in the immediate vicinity of Key West, 
but is common on the southwest coast of Florida, where it is one of 
the principal game fish taken during the winter. There it is taken 
by trolling, close to shore, from a rowboat that is operated as nois- 
lessly as possible. At Fort Meyers and Marco large snook are fre- 

Fic. 7.—Bluefish (Pomatomus saltatriz). 

quently seen swimming within a few feet of the shore. It ascends 
streams but does not stray far from brackish water. The snook is 
rather uncommon among the Florida keys and is too scarce in the 
Key West markets to be of local commercial importance. It is con- 
sidered a fair food fish. The maximum weight is about 80 pounds, 
while the average is about 3 pounds. 

Range.—Atlantic coast of tropical America. Recorded from 
Florida; Porto Rico; Cuba; Haiti; Jamaica; Martinique; Barbados; 
Vera Cruz, Mexico; Belize, British Honduras; Toro Point, Colon, 
Mindi, New Gatun, and Porto Bello, Panama; British Guiana; 
French Guiana; and Bahia, Sao Mathews, and Rio Janeiro, Brazil. 
(Meek and Hildebrand. ) 

28. Epinephelus adscensionis (Osbeck). Rock hind; Cabra mora. 

This beautiful species is less common than most of the other 
groupers found about Key West. Its habitat is restricted to rocky 
bottoms in rather deep water, and it is seldom caught on shallow 
reefs along with grunts and snappers. Generally not more than half 
a dozen are to be seen on any one day at the fish markets, but when a 
deep-water fisherman comes to port this fish is usually well repre- 
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sented in his catch. In Key West it is esteemed as a food fish. 
Maximum weight, about 15 pounds; average, 2 pounds. 
Range.—Usual range southern Florida to Brazil. Known from 

Ascension and St. Helena Islands and Cape of Good Hope; rare 
north of Miami. ‘The young are reported from Katama Bay, Mass. 

29, Epinephelus striatus (Bloch). Nassau grouper; Cherna criolla. 

This grouper is one of the large and important food fishes of Key 
West. It is caught on the bottom with hook and line and is taken 
throughout the year. Market fish are seldom found in water less 
than 30 feet in depth. Very small examples of about 1 pound are 
seldom seen, and most of the market fish range from 3 to 35 pounds. 
Large fish will live for some time in the live cars attached to the 
wharves. The Nassau grouper closely resembles the red grouper 
(2. morio), but it is easily separated from the latter by the presence 
of a persistent black spot between the dorsal and upper part of the 
tail fin. Maximum weight, about 50 pounds; average, 5 pounds, 

Fie. 8.—Red grouper (Epinephelus morio). 

Range.—North Carolina to Brazil; rare north of the Florida 
keys; common in Porto Rico and Bermuda. 

30. Epinephelus guttatus (Linneus). Red hind. 

This is one of the most strikingly colored of the groupers, the body 
being marked everywhere with vivid scarlet spots. It is fairly com- 
mon among the Florida keys and is a valuable market species, al- 
though much less so than the red grouper. It is caught with hook 
and line at moderate depths. Maximum weight, about 5 pounds; 
average, 2 pounds. 
Range.—South Carolina, Florida, Bermuda, throughout the West 

Indies to Brazil. 

31. Epinephelus morio (Cuvier and Valenciennes). Red grouper. 

The red grouper is the most abundant and best known of the Key 
West groupers. It is most common during the winter, but is taken 
throughout the year on rocky, coral, and grassy bottoms. This fish 
is widely distributed over the fishing grounds and may be taken in 
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from 10 to 20 feet of water along with grunts, porgies, etc., or it may 
be caught on the deeper rocky reefs. The fish taken in shallow water 
usually are small, weighing from one-half to 2 pounds, while those 
from deeper water generally range from 2 to 15 pounds. Fish 
weighing more than 20 pounds are not common. ‘The red grouper 
bears transportation well and is shipped north and to Cuba. It will 
‘live for long periods in live cars and fish wells and is one of the 
favorite food fishes of Key West. Maximum weight, 40 pounds; 
average, 5 pounds. 
Range—Massachusetts to Brazil; common in the Gulf of Mexico 

and at Bermuda; uncommon north of Florida, and found only as a 
rare straggler north of North Carolina. 

32. Epinephelus nigritus (Holbrook). Black jewfish. 

This large grouper is reported as fairly common off the coast of 
Florida, but it is rarely seen in the Key West markets. Maximum 
weight, 500 pounds. 
Range.—South Carolina to Brazil; Mediterranean Sea. 

Fic. 10.—Spotted jewfish (Promicrops itaiara). 

33. Promicrops itaiara (Lichtenstein). Jewfish; Spotted jewfish. 

The spotted jewfish is the largest food fish caught in the vicinity 
of Key West and is one of the largest of all fishes. This fish is not 
plentiful in the Key West region in point of numbers, but because 
of the large size attained the comparatively few fish taken are of 
some commercial importance. During the greater part of the years 
1918 and 1919 from two to six jewfish were brought to the Key West 
market each week. Spawning occurs during July and August, when 
the fish become gregarious and are caught in greatest numbers. 
During six weeks of July and August, 1918, there were brought to 
market 74 jewfish, ranging in weight from 35 to 350 pounds, with a 
mean average of 125 pounds. Nearly all of these were taken off 
Knights Key, about 40 miles above Key West. 

The jewfish is caught with hook and line on very strong tackle. 
Regardless of its large size, it is placed in the well of the boat 
after capture and is brought to market alive. At the market the fish 
are transferred to commodious live cars, and as an extra precaution 
to preclude their escape, a large hook is placed in the mouth of each 
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big fish and each is securely hitched to a pile by means of a strong 
line. The fish are removed from the live cars as wanted. When the 
fish are dressed, the scales are shaved off with a sharp knife, and 
the flesh is cut into steaks and strips. The flesh sells for about 20 
cents a pound and always finds a ready sale, the entire catch being 
consumed locally. 

The jewfish prefers moderately deep water with rocky or coral 
bottom. Small individuals weighing from 1 to 10 pounds, however, 
are frequently taken in shallow water close to shore. The species is 
particularly common on the southwest coast of Florida. The largest 
fish of which there is a reliable record weighed, according to a meas- 
urement formula, 693 pounds. This fish was caught with shark 
tackle on January 23, 1923, about 35 miles south of Miami, and it 
was 8 feet long and 6 feet 4 inches in girth. 
Range.—Both coasts of tropical America, north to Florida and the 

Gulf of California. 

34. Mycteroperca venenosa (Linneus). Yellow-finned grouper; Yel- 
low grouper. 

This grouper is uncommon about Key West and is seen only oc- 
casionally in the fish markets, but it is somewhat more plentiful in 
the Habana markets. Maximum weight, 20 pounds; average, 5 
pounds. 
Range.—North Carolina to the Bahamas; southern Florida, Ber- 

muda, and the West Indies; rare north of Miami. 

35. Mycteroperca bonaci (Poey). Black grouper. 

The black grouper is rather common about the Florida keys and 
Key West. It is not taken in large numbers, but its great size makes 
it one of the most important market fishes. It is generally caught in 
water more than 25 feet in depth, but small fish are occasionally taken 
in shallow water near shore. This grouper is taken throughout the 
year, but it is most common during February, March, and April. 
The usual market fish weigh from 5 to 50 pounds; fish weighing 
more than 50 pounds are uncommon though not rare. Large or small 
fish can be kept in live cars for long periods. Maximum weight, 
about 100 pounds; average, 10 pounds. 
Range—Usual range Florida to Brazil. The young have been 

carried by the Gulf Stream as far north as Woods Hole, Mass. 

36. Mycteroperca microlepis (Goode and Bean). Gag. 

This species is rather common about Key West and may be caught 
there throughout the year. It is generally taken on the shallow 
reefs in 10 to 25 feet of water and on rocky, coral, or grassy bottoms. 
When hooked, it puts up a somewhat better fight than do most of 
the other groupers. It is a good food fish. Maximum weight, 20 
pounds; average, 1$ pounds. Fish weighing more than 10 pounds 
are rare, and the weight of the market fish usually ranges from one- 
half to 3 pounds. 
Range.—Beaufort (N. C.) to Florida; on the Gulf coast to Pensa- 

cola, 
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37. Mycteroperca falcata phenax Jordan and Swain. Scamp. 

This species is rather common about the Florida keys, although much 
less so than the red grouper. It is caught with hook and line and 
is present in the markets throughout most of the year. Another 
species (M/. falcata) closely resembling this one is common in the 
Habana markets. Asa food fish it is well regarded and ranks higher 
than many of the other groupers. Maximum weight, 10 pounds; 
average, 2 pounds. 
Range.—Southern Florida. 

38. Lobotes surinamensis (Bloch). Triple-tail. 

This fish is rare at Key West but occasionally is seen in the 
markets. A 20-pound individual was observed in the market during 
January, 1919, and was considered an oddity by the fishermen, who 
had no name for it. The triple-tail is considered a good food fish, 
but it is not common anywhere. A specimen 6 inches long was 
caught near the Bureau of Fisheries’ biological station at Key West. 
Maximum weight, about 35 pounds; average, 8 pounds. 

Range. —Massachusetts south to Uruguay; taken sparingly in 
lower Chesapeake Bay pound nets, where it is called “ strawberry 
bass.” 

39. Lutianus griseus (Linneus). Gray snapper; Mangrove snapper.. 

The gray snapper is the most abundant species of snapper found 
at Key West. The fish always travel in schools, generally contain- 
ing from a few hundred to a thousand fish of various sizes, and prefer 
the sloping ledges of reefs and channel ways. If not alarmed, they 
will hover in one piace for hours and afford a beautiful sight in the 
clear water. Under certain conditions it is extremely difficult to 
catch adult gray snappers with hook and line, but fish of less than 
6 inches are less wary and can be taken without difficulty. Many 
attempts to catch one were made by the writer, with various lures. 
Pieces of bait thrown into the water were readily taken by the larger 
fish, but as soon as fishing tackle was introduced the fish looked 
askance at the bait and kept their distance. A tiny hook and black 
sewing thread were tried without much success. The best snapper 
fishing was found to occur when the weather was cloudy and the 
water not very clear. 

This snapper has the peculiar habit of lying in a few inches of 
water among the roots of the mangroves, especially where the tide 
flows swiftly between small islands, hence the name “ mangrove 
snapper.” The writer has found five or six fish within half an 
hour under such conditions. 

The gray snapper is an abundant species but because of its wari- 
ness is not caught in large quantities by the fishermen. Enough are 
caught, however, to make it an important market species. It is a 
good food fish and is taken throughout the year. It is caught along 
the west coast of Florida as far north as Bay County and is especi- 
ally common on the southwest coast. It is also found along the east 
coast of Florida and as far north as Woods Hole, Mass. It is rare 
above North Carolina, however. Market fish usually range in 
weight from one-half to 5 pounds. Large fish weighing fully 10 
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Fic. 11.—Gray snapper (Lutianus griseus). 
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pounds are often seen in the water, but fish of this size are seldom 
caught. The maximum weight is said to be 18 pounds. 
Range.—Usual range both coasts of Florida to the West Indies. 

‘The young, a few inches long, have been recorded from North Caro- 
lina, lower Chesapeake Bay, New Jersey, Rhode Island, and Woods 
Hole, Mass.; common in Bermuda. 

40. Lutianus jocu (Bloch and Schneider). Dog snapper. 

This snapper is not common about the Florida keys. - It is caught 
chiefly in the fall and winter, and only an occasional fish is seen 
throughout the summer. It is taken with hook and line along with 
other snappers and grunts and is a good food fish. Maximum 
weight, 20 pounds; average, 2 pounds. 
Range.—Usual range Miami to Bahia, Brazil. The young have 

been taken at Woods Hole, Mass. 

41. Lutianus apodus (Walbaum). Schoolmaster. 

This species is rather common in the vicinity of Key West, but its 
commercial value is relatively small. The young are abundant about 
the shores of Key West and all the Florida keys. Small fish are 
sometimes found lying motionless at the base of rocks close to shore. 
Fish of about one-third to one-half pound are taken on the shallow 
reefs along with grunts, porgies, ete. Larger fish, weighing 2 to 6 
pounds, are taken in small numbers in deeper water. Maximum 
weight, 8 pounds; average, three-fourths of a pound. 
Range—Usual range Florida to Bahia, Brazil; Bermuda. — It 

occurs as a straggler north of Florida. The young have been taken 
at Beaufort, N. C., and Woods Hole, Mass. 

42. Lutianus aya (Bloch). Red snapper. 

The red snapper is one of the most abundant and valuable fish 
caught within the State of Florida, but near Key West it is com- 
paratively scarce. At times a few are taken in deep channels near 
certain of the keys. Several million pounds are caught annually in 
the Gulf of Mexico, where the greater part of the catch is landed at 
Pensacola. It is caught with hand lines in 15 to 50 fathoms of 
water, and the bait used generally consists of pieces of meat or fish. 
The red snapper bears transportation well and is shipped to all the 
important fish markets of the north. It is considered a choice food 
fish. Maximum weight, 79 pounds; average, 6 pounds. 
Range—Woods Hole (Mass.) to Brazil; Bermuda; rare north 

of North Carolina; taken in commercial quantities off Cape Fear 
(N. C.), Georgia, eastern Florida, Gulf of Mexico, Porto Rico, and 
Central America. 

43. Lutianus analis (Cuvier and Valenciennes). Muttonfish; Pargo. 

The muttonfish is one of the most. important species of snappers 
caught about Key West, ranking close to the yellowtail (Ocyurus 
chrysurus). It is found throughout the year but is scarcest during 
July and August, which is the spawning period and at which time 
it schools. The muttonfish is an excellent food fish and is always 
in demand. It takes the baited hook freely and is quite gamey. 
Near Key West it is taken on rocky or coral bottom in 3 to 9 fathoms 
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of water, but small fish of one-half to 2 pounds are sometimes taken 
on the shallow reefs, in 2 to 4 fathoms, along with grunts, porgies, 
etc. The average size of deep-water fish is about 3 pounds, but ex- 
amples weighing 15 and 20 pounds are not rare. It is reported that 
a 25-pound fish was caught off the railroad pier at Key West by an 
angler oe rod and reel. Maximum weight, 25 pounds; average, 
3 pounds. 
Range. Usael range both coasts of Florida to Brazil. The young 

have been recorded from Beaufort, N. C., and Woods Hole, Mass. 

44, Lutianus synagris (Linneus). Lane snapper; Red-tailed snapper. 

The lane snapper is a beautiful and abundant fish about Key West. 
Jt is usually caught on rocky, coral, or grassy bottoms in water 
ranging in depth from 2 to 6 fathoms. It is found in company with 
various species of grunts, porgies, snappers, and groupers. Although 
the average size is only about one-half pound, it is rather gamey when 
hooked. It is caught in greatest numbers during the winter and 
spring. Spawning is said to take place in October, at which time 
the fish gather in schools. Maximum weight, 4 pounds; average, 
one-half pound. 
Range.—Pensacola and Indian River, Fla., southward to Brazil; 

known from the Bahamas, Cuba, Martinique, Jamaica, Santo Do- 
mingo, Porto Rico, and Panama. 

45. Ocyurus chrysurus (Bloch). Yellowtail; Rabirubia. 

The yellowtail is perhaps the most important of all the snappers 
found about Key West. It is one of the most esteemed of the local 
fishes and is abundant throughout the year excepting during the 
winter when the cold drives it away to deeper water. It may be 
caught at depths of 2 or more fathoms, and it is especially abundant 
on the rocky edges of the outer reefs near Key West. This fish is 
rather gamey and is caught with crawfish or sardine bait. Fish 
weighing 3 and 4 pounds are not uncommon; the maximum size is 
6 pounds and the average 1 pound. 
Range.—Usual range southern Florida to Brazil; known from 

Bermuda, Cuba, Martinique, St. Kitts, Jamaica, Porto Rico, and 
Brazil. ‘The young are recorded from Katama Bay, Mass. 

46. Hemulon album Cuvier and Valenciennes. Margate fish; Mar- 
garet grunt. 

This species is not as common about Key West as are several other 
grunts, but is one of the largest of the grunts and a good food fish. 
It is taken in rather deep water on rock or coral reefs. Spawning 
occurs during the early summer. Its food consists chiefly of crabs, 
crawfish, worms, etc. Maximum weight, 10 pounds; average, 2 
pounds. 
Range——Southern Florida to Brazil; reported from Bermuda, the 

Bahamas, Habana, Jamaica, Porto Rico, and St. Thomas. 

47, Hemulon macrostomum Giinther. Gray grunt; Striped grunt. 

This grunt is common among the Florida Keys but because of its 
small size is considerably less important than various larger species. 
Young fish 4 to 6 inches long are sometimes abundant close to shore 
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in shallow water. Like all the grunts, it is caught with hook and 
line, and fish taken for market purposes are at least 7 inches long. 
Maximum weight, 1 pound; average, one-third pound. 
Range—Southern Florida to Panama; known from Bermuda, 

Jamaica, St. Thomas, Porto Rico, and Panama. 

48. Hemulon parra (Desmarest). Sailor’s choice; Grunt; Ronco 
prieto. 

This is a common species about Key West. It is generally found 
in schools close to shore in company with the gray snapper. Ap- 
parently but few are taken offshore as far as even! mile. Fish 5 and 6 
iches in length are very abundant and readily take the baited hook 
but are too small to be of commercial importance. However, many 
are taken weighing from one-half pound to a pound, or more. 
Maximum weight, 2 pounds; average, one-half pound. 
Range—Southern Florida to Brazil; recorded from Cards Sound, 

Marco, Lemon Bay, Biscayne Bay, Tortugas, Habana, Jamaica, 
Porto Rico, Panama, and Brazil. 

49. Hemulon sciurus (Shaw). Yellow grunt; Boar grunt; Ronco 
amarillo. 

This species is perhaps the most beautiful of all the grunts and 
is marked by numerous longitudinal yellow stripes. It is very com- 
mon about Key West, ranking nextsto H. plumieri in abundance. 
It is generally caught near the roots of mangrove trees in 6 to 
15 feet of water, but some are taken farther offshore on hard bottom. 
The best bait is a long worm, which the fishermen get from the 
stem of a tall grass that grows on certain bars near shore. ‘These 
“ nodworms ” are certain to attract yellow grunts if there are any in 
the vicinity. If the most favorable places to fish are known, it is 
possible to catch 50 to 100 fish in a few hours. One fisherman reports 
that he has caught as many as 600 yellow grunts mm a single day. 
The best fishing obtains during the summer. The yellow grunt is an 
important food fish in Key West. Maximum weight, about 1 
pound; average, one-half pound. 
Range.—Southern Florida to Brazil; recorded from Biscayne Bay, 

the Tortugas, Bermuda, Cuba, Jamaica, Panama, and Bahia. 

50. Hemulon plumieri (Lacépéde). Common grunt; White grunt; 
Ronco. ~ 

This is by far the most abundant of all the grunts, and in point 
of numbers it is probably not exceeded by any other food fish in the 
vicinity of Key West. It is caught with hook and line baited with 
crawfish or “sardines” in 8 to 40 feet of water. It is found on 
bottoms of sand, marl, coral, or rock, which may be open or covered 
with vegetation. The best fishing, however, is found on rocky 
bottom. The common grunt is caught all the year round but is 
particularly abundant in the late summer and fall. After spawning 
(during August and September), the large schools break up and 
scatter but the fish are usually found in small schools on the bottom. 
Maximum weight, 3 pounds; average, one-third to one-half pound. 
Range.—Cape Hatteras and Pensacola to Brazil; recorded from 

Panama. 
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51. Hemulon flavolineatum ‘Desmarest). French grunt; Ronco con- 
denado. 

This little grunt is not very common at Key West and is only 
occasionally seen in the fish wells. Maximum weight, 1 pound; 
average, one-third pound. 
Range—Bermuda, Florida Keys, Tortugas, south to Brazil; 

recorded from Panama. 

52. Bathystoma rimator (J ordan and Swain). Tom-tate; Red-mouth 
grunt. 

The young (4 to 6 inches long) are abundant about Key West, 
but fish of marketable size are uncommon and for this reason the 
annual catch is comparatively small. They are seen occasionally 
in the live cars and are sold along with other grunts and small 
snappers. Spawning takes place in May and June. Maximum 
weight, about 1 pound; average, one-third pound. 
Range—Cape Hatteras and Pensacola, southward through the 

West Indies to Trinidad; recorded from Panama and Bermuda. 

53. Anisotremus surinamensis (Bloch). Black margate-fish. 

This is a comparatively rare species about the Florida keys and 
is seen only occasionally in the live cars about the wharves. Prob- 
ably not more than 1,000 pounds are brought to Key West annually. 
Maximum weight, about 20 pounds; average, 2 pounds. 
Range——Florida and Mobile to Brazil; known from Surinam, 

Martinique, Porto Rico, Jamaica, Cuba, and Panama. 

54. Anisotremus virginicus (Linneus). Porkfish. 

This brightly marked species is common about Key West and is 
one of the important small food fishes. From June to August, when 
it schools to spawn, it is found about the shoals but soon retires to 
deep water. About a month after the spawning season large num- 
bers of young may be seen about the shoals. When fishing in com- 
paratively deep water (30 to 40 feet), it is not unusual to catch 
fish of a pound or a little more in weight. However, fish of one-half 
a pound or less comprise the bulk of the annual catch. It is a good 
food fish. Maximum weight, 2 pounds; average, one-third pound. 
Range.—Florida to Brazil; known from Biscayne Bay, Santo 

Domingo, Jamaica, Porto Rico, Martinique, Panama, and St. Cathe- 
rines Island, Brazil. 

55. Orthopristes chrysopterus (Linneus). Pigfish; Hogfish. 

This species is fairly common about Key West and is taken with 
hook and line on shallow reefs along with other grunts and snappers. 
It is an important species in lower Chesapeake Bay and along the 
South Atlantic coast, where it is considered an excellent food fish. 
Maximum weight, 2 pounds; average, one-half pound. 
Range.—New Jersey to Mexico; recorded from Bermuda. 

(Norre.—The author is indebted to Dr. H. B. Bigelow for furnishing extensions to the 
northern range of certain species included in this list. These new ranges are ineluded in 
“ Wishes of the Gulf of Maine,’ by H. B. Bigelow and W. W. Welsh, now in press.) 
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56. Calamus calamus (Cuvier and Valenciennes). Saucer-eyed porgy. 

This is a common species about Key West and is found through- 
out the year, but it is most abundant during the winter. It is taken 
with hook and line on coral bottom in 12 to 40 feet of water. This 
and other species of porgies all are important food fishes in Key 
West. Maximum weight, 14 pounds; average, one-half pound. 
Range—F lorida keys to Brazil; known from Bermuda, Mar- 

tinique, Jamaica, Cuba, Porto Rico, and Panama. 

57. Calamus proridens Jordan and Gilbert. Little-head porgy. 

A common species in Key West and always present in the live cars. 
This and other species of porgies found here are sold together with- 
out respect to species. Maximum weight, 2 pounds; average, one- 
half pound. 
Range.—F lorida keys to West Indies. 

58. Calamus bajonado (Bloch and Schneider). Jolt-head porgy; 
Bajonado. 

This is the largest of the porgies and because of its size is the most 
important member of the group found at Key West. It is found on 
rocky, coral, and grassy bottoms at a depth of 15 to 40 feet or more. 
Spawning takes place during July and August. Fishermen catch it 
with hook and line all the year round. Maximum weight, 10 pounds; 
uverage, 2 pounds. 
Range.—Southern Florida to West Indies. 

59. Calamus penna (Cuvier and Valenciennes). Sheepshead porgy. 

The sheepshead porgy is a common species and is most abundant 
in the winter. It frequents shallow water near the keys. Maximum 
weight, 4 pounds; average, 1 pound. 
Range.—Southern Florida to Brazil; known from Charlotte Har- 

bor, St. Thomas, Habana, Panama, Camamu, Rio de Janeiro, and Rio 
Grande do Sul. 

60. Calamus arctifrons Goode and Bean. Grass porgy. 

This is an abundant species locally, especially in shallow water and 
on grassy bottom. It is found in company with other species of 
porgies. Maximum weight, 2 pounds; average, one-half pound. 
Range.—Pensacola and Biscayne Bay south to Key West and Porto 

Rico; not common in the West Indies. 

61. Lagodon rhomboides (Linnzus). Pinfish; Sailor’s choice; Bream. 

This little fish is abundant about the shores and wharves of Key 
West and is one of the most common species taken with hook and 
line in the vicinity of the Bureau of Fisheries biological station. 
It is a ready biter and will take a hook baited with fish, spiny lobster, 
hermit crab, and many other kinds of bait. It is seldom caught 
out on the reefs away from shore. It is a good pan fish, but because 
of its small size its commercial value in Key West is slight. A fish 

—— ee 
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13 inches long, taken by the writer, is the largest recorded. Its 
average size is 6 inches. 
fange.—Cape Cod to Texas; Bermuda and Cuba; common in 

lower Chesapeake Bay and abundant off the Carolina coast. 

62. Archosargus unimaculatus (Bloch). Brim; Bream; Salema. 

This species is not common about Key West, although a few are 
seen from time to time in the live cars at the wharves. It is a good 
food fish, but because of the small catch its commercial value is 
very limited. In Porto Rico it is an abundant and important food 
fish. Maximum weight, about 2 pounds; average, one-half pound. 
Range.—Charleston to Rio de Janeiro, Brazil; rare north of Florida 

Keys; reported from Charleston, Cuba, Jamaica, Porto Rico, Pan- 
ama, and Brazil. 

63. Archosargus probatocephalus (Walbaum). Sheepshead. 

The sheepshead is not common in the immediate vicinity of Key 
West, where the annual catch is only a few hundred pounds, but: it is 
one of Florida’s most important food fishes and is caught in large 
numbers on both coasts. However, it is most abundant off the south- 
west coast along the shores of Lee, De Soto, and Manatee Counties. 
At Marco the writer caught many sheepshead while fishing directly 
from the shore. It is found chiefly about wharves, wrecks, and 
mangrove roots. The greater part of its food consists of crabs and 
mollusks, which it can easily crunch with its strong teeth. Maxi- 
mum weight 80 pounds, but individuals over 15 pounds are com- 
paratively rare; average weight, 3 pounds. 

Range.—Atlantic and Gulf coasts, from Cape Cod to Texas; 
formerly rather common, but now rare north of Cape Henry, Va. 
In Chesapeake Bay, where it was once common, it is now very 
scarce. 

64. Xystema cinereum (Walbaum). Broad shad; Majarra. 

This small fish is taken in limited numbers about the Florida 
keys, where it is caught with hook and line in water 8 feet or more 
in depth. The annual catch is perhaps not over a few hundred 
pounds. It is an excellent food fish, and in Porto Rico it is an im- 
portant market fish. Maximum weight, 2 pounds; average, one- 
half pound. 
Range.—Both coasts of tropical America, north to Lower Cali- 

fornia, and southern Florida. 

65. Kyphosus sectatrix (Linneus). Rudder-fish; Bermuda chub. 

This species is not commonly seen in the markets of Key West, 
and it is found only sparingly about the keys throughout the year. 
It is known for its peculiar habit of following vessels at sea, pre- . 
sumably for the waste food thréwn.overboard. It is said to be a 
worthy game fish. Maximum weight, 9 pounds; average, 2 pounds. 
Range.—Cape Cod to Panama; not common on the Carolina coast, 

north of which it is a rare straggler; recorded from Bermuda and 
Porto Rico and said to occur in the Canary Islands and rarely in the 
Mediterranean, ° 
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66. Cynoscion nebulosus (Cuvier and Valenciennes). Spotted trout; 
Speckled trout; Spotted squeteague. 

This important food fish is rarely, if ever, taken within the im- 
mediate vicinity of Key West. It isa valuable and abundant species 
on both coasts of Florida, however. Small numbers are taken among 
the Florida keys, near Cape Sable, while fishing for mullet, and it 
is seen in the Key West markets in company with this species. 
Various methods are used in catching the spotted squeteague. In 
lower Chesapeake Bay, where it is an important food fish, it is 
caught in pound nets, haul seines, and set seines; in southern Flor- 
ida it is taken in mullet nets and with hook and line. Among the 
Ten Thousand Islands a fisherman was observed fishing from a 
flatboat with hook and line attached to a long bamboo pole. He 
drifted over grassy flats, repeatedly casting with mullet bait, and 
succeeded in catching many squeteagues. In St. Andrews Bay, 
Fla., the writer caught many “speckled trout ” while trolling from 
a boat and using artificial lures. The largest fish recorded weighed 
164 pounds and was taken in the Neuse River, N. C. Two 16-pound 
fish were observed in Chesapeake Bay during 1922. The average 
weight is about 2 pounds. 
Range.—New York to Texas; rare north of Chesapeake Bay. 

67. Sciznops ocellatus (Linneus). Redfish; Channel bass; Red drum. 

This species, called “ redfish” in the South, is not caught in the 
immediate vicinity of Key West, but it is occasionally taken among 
some of the Florida keys, and at times small numbers are seen in 
the local markets. On both coasts of Florida it is a food fish of 
considerable value. In traveling from one coast to the other it 
appears evident that the channel bass rounds Cape Sable and does 
not stray very far south among the keys. It is a good game fish, 
and large individuals are caught by surf-casters along the New 
Jersey coast and elsewhere. Maximum weight, 75 pounds; average, 
2 to 35 pounds. 
Range.—Massachusetts to Texas; not common north of Chesa- 

peake Bay. 

68. Pagonias cromis (Linneus). Black drum. 

The black drum is not caught in the immediate vicinity of Key 
West but, like the red drum, is occasionally taken among the keys. 
It is seldom seen in the local markets. As a food fish it is rather 
inferior, the flesh being coarse and stringy. Maximum weight, 146 
pounds; average, about 25 pounds. 
Range.—Massachusetts to Texas. 

69. Lachnolaimus maximus (Walbaum). Hogfish; Capitan. 

The hogfish is common about Key West and is caught the year 
round on rocky reefs in rather deep water. It is a fairly good food 
fish, though not choice, and is always present in the fish wells and 
live cars. When the fish is dressed, the scales are shaved off with a 
sharp knife in the same manner as with groupers and jewfish. Maxi- 
mum weight, 20 pounds. Fish weighing 10 pounds or more are not 
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uncommon, but the average weight is about 3 pounds. Fish weigh- 
ing less than 1 pound are rarely seen in the markets. 
Range.—Beaufort (N.C.) to West Indies; Bermuda; rare north of 

Florida. ; 

70. Sparisoma viride (Bonnaterre). Parrot-fish. 

This fish is occasionally caught by hook-and-line fishermen and is 
eaten to a small extent locally. Very little is known of its habits, 
and its value is very slight. It is a rich bluish-green in color. 
Maximum weight, 10 pounds; average, 2 pounds. 
Range.—Bahamas and Florida Keys to West Indies; known from 

Bermuda, Jamaica, Porto Rico, St. Thomas, and St. Croix. 

71. Sparisoma flavescens (Bloch and Schneider). Parrot-fish. 

This pdrrot-fish is common in the vicinity of Key West. It is 
found in shallow water, chiefly on grassy bottom. Its color is mostly 
olivaceous, flushed with pink or orange. Its flesh is soft and rather 
poor, but it is used to a limited extent as food. Maximum weight, 
1 pound; average weight of market fish, one-half pound. 
Range.—Southern Florida to Brazil; found in the Bahamas and 

throughout the West Indies. 

72. Pseudoscarus guacamaia (Cuvier). Green parrot-fish. 

Of the large parrot-fishes this is the most common species found 
about Key West. In color it is mottled or barred with brown and 
blue; its teeth are green. It is not held in high esteem as a food 
fish, but is eaten sparingly in Key West. Maximum weight, 10 
pounds; average, 1 pound. 
Range—Florida to Rio de Janeiro, Brazil; recorded from St. 

Augustine, Habana, Porto Rico, and Panama. 

73. Chetodipterus faber (Broussonet). Spadefish; Angelfish. 

The spadefish is found about Key West during most of the year 
and is especially common during the summer and fall. It is gener- 
ally found close to shore in shallow water and travels in small schools. 
It is frequently taken in wire crawfish traps. After hauling craw- 
fish traps daily for a long time and catching no spadefish at all the 
writer suddenly one day caught 18 of the fish in one trap, which 
illustrates their habit of schooling. The young (less than 1 foot long) 
are marked along the sides with six prominent black vertical bands 
on a silvery ground, but in the adult the entire body coloration is 
darker and the bands are less conspicuous. As a food fish it is held in 
high esteem, but the annual catch at Key West is not large. Maxi- 
mum weight, 20 pounds; average, three-fourths pound. In Chesa- 
peake Bay, where this fish is known as “ porgee” and where small 
numbers are taken from spring until fall, they generally weigh 
between 3 and 12 pounds. 
Range.—Cape Cod to Rio de Janeiro, Brazil; rare north of Chesa- 

peake Bay; known from Cuba, Santo Domingo, Jamaica, Martinique, 
Porto Rico, and Panama. 

83357 ° —24—_3 
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74, Pomacanthus arcuatus (Linneus). Black angelfish. 

This beautiful species is rather common about Key West. It is 
found throughout the year but is not taken in large numbers. By 
visiting the markets a few may be seen at almost any time among the 
many species of fish held in the live cars. It is caught in wire craw- 
fish traps and with hook and line. It is a food fish of some impor- 
tance locally. Maximum weight, 6 pounds; average, 14 pounds. 
Range.—New Jersey to Bahia, Brazil; comparatively rare north 

of Florida; known from Tortugas, Cuba, Jamaica, Porto Rico, and 
Martinique. 

Fic. 17.—Black angelfish (Pomacanthus arcuatus). 

75. Angelichthys isabelita Jordan and Rutter. Yellow angel; Blue 
angel. 

The yellow angel is very similar to the black angel (Pomocanthus 
arcuatus) in size, local abundance, and food qualities. It is taken 
in wire crawfish traps or with hook and line. Maximum weight, 6 
pounds; average, 14 pounds. 
Range.—F lorida Keys to Brazil; known from Tortugas, Bahamas, 

Cuba, Jamaica, Lesser Antilles, and Bahia. 

76. Hepatus coeruleus (Bloch and Schneider). Blue tang. 

The blue tang is a very beautiful fish and is fairly common about 
Key West. It is generally taken in water from 15 to 25 feet in depth 
on grassy or rocky bottom. It is caught with hook and line or in 
crawfish traps, and is used for food purposes, but the annual catch 
issmall. Maximum weight, 14 pounds; average, one-half pound. 
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Range.—Usual range from the Florida keys to Brazil; recorded 
from Bermuda, Tortugas, Cuba, and Jamaica. The young are re- 
corded from Woods Hole, Mass. 

77. Hepatus hepatus (Linneus). Tang; Doctor-fish. 

This tang is rather common about Key West, where it is a food fish 
of shght importance. It is taken with hook and line, in crawfish 
traps, and with crawfish “ grains.” It is the most abundant of the 
tangs. Maximum weight, 2 pounds; average, one-half pound. 
Range.—Usual range from North Carolina to Brazil; uncommon 

north of Florida; recorded from Beaufort, Charleston, Tortugas, 
Bermuda, Habana, Jamaica, Martinique, and Bahia. The young 
have been recorded as far north as Woods Hole, Mass. 

78. Hepatus bahianus (Castelnau). Ocean tang. 

The ocean tang is less common about Key West than is either the 
common tang (/. hepatus) or the blue tang (H. cwruleus). It is 

Fic. 18.—Turbot (Balistes carolinensis). 

considered a good food fish but is seen only occasionally in the local 
markets. Throughout the West Indies this species is the most im- 
pbacae of the tangs. Maximum weight, about 4 pounds; average, 
1 pound. 
Range.—Usual range from North Carolina to Brazil: rare north 

of Florida; found throughout the West Indies and common in Ber- 
nda The young have been recorded as far north as Woods Hole, 
avLass. 

79. Balistes carolinensis Gmelin. Turbot; Trigger-fish; Leather- 
jacket. 

The turbot is common about Key West, where it is caught with 
hook and line throughout the year. It is nearly always present in 
the live cars about the wharves, and is a food fish of importance 
locally. Maximum weight, 2 pounds; average, 1 pound. 
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Range—Banquereau Bank off Canso (Nova Scotia) to West In- 
dies; also found in Bermuda and the Mediterranean Sea; uncommon 
north of Florida; recorded from Massachusetts, Rhode Island, New 
Jersey, Chesapeake Bay, and North Carolina. 

80. Balistes vetula Linneus. ‘Turbot; Trigger-fish. 

This species is fairly common at Key West although somewhat 
less so than B. carolinensis, with which it is closely associated. Lo- 
cally it is a food fish of some importance. The maximum size is not 
definitely known but is believed to be 2 or 3 pounds; average, 1 
pound. 
Range.—Usual range from Florida to West Indies; known from 

Bermuda, Bahamas, Jamaica, Ascension Island, and Porto Rico. 
The young have been recorded from Nantucket and Woods Hole, 
Mass. 

Fig. 19.—Cowfish (Lactophrys triqueter). 

81. Lactophrys triqueter (Linneus). Trunkfish. 

This species is less common in the vicinity of Key West than 
either LZ. trigonus or L. tricornis. All three species are esteemed 
alike for food. Maximum size, 12 inches; average, 9 inches. 
Range.—Usual range from North Carolina to Brazil; Pensa- 

cola; rare north of Florida; known from Bermuda and Porto 
Rico, where it is common. The young have been recorded from 
Katama Bay, Mass. 

82. Lactophrys trigonus (Linneus). Trunkfish. 

This trunkfish is comparatively common about Key West and is 
taken throughout the year, hook-and-line fishermen catching this 
species while fishing for grunts, porgies, and other small fishes. It 
is sometimes found very close to shore amid sponges and other bot- 
tom growths. While using a 100-yard collecting seine near the 
island of Key West, about 15 adults of this species and L. tricornis 
were taken in one haul. It isa good food fish and is esteemed locally. 
Maximum size, 18 inches; average, 10 inches. 
Range.—Usual range from North Carolina to Brazil; rare north 

of Florida. The very young, about 1 inch long, have been taken at 
Woods Hole, Mass. 
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83. Lactophrys tricornis (Linneus). Trunkfish; Cowfish. 

This species, sometimes called cowfish because of the two horn-like 
spines extending from the head, is about equally as common as L. 
trigonus, with which it is closely associated, and its habits and food 
qualities are very similar to the latter species. Maximum size, about 
15 inches; average, 9 inches. 
Range.—Usual range from Florida to Brazil and eastward to the 

Cape of Good Hope; recorded from Jamaica, Porto Rico, and Pan- 
ama. The young have been taken in Katama Bay, Mass. 

TABLE 1.—Hstimated catch of various species of fish landed in Key West during 
1918 and caught within about 50 miles of the city. 

Species. Pounds. Species. Pounds. 

DATE SOUT Ey se an ee Sen ea ie DN | reeaUr OUTS nae tale te tee ote tee 500 
Abipelfish ter Shag st oot ed 9h Pa dnt 2 5000s) Paghshir 3 see. fs Sd g2 eee. hls... eiee 2,000 
ing DG Dok Bese Ses e eseeeeasoeee re BRUIT) | sleti e] ei OSS Be teee Seat ade aeeeerc sabe 5 
LAG GH Nae Seb ot DS OS ee ee 1656147 }| (Borpjesi: .G$5_ 9 T0203. he) a re 60, 000 
Ltn cece Seeks eee eee Sees B00 FH BE QUEAS I Fo ok oe aces ogo anfoe 10, 000 

1 500 
300 

15, 000 
» 000 

Jurel, runners, or jacks 203000; ||aSpadefishas. 3: -e2: 92244222 4s. 5. 237 1,000 
Krnprish and Coro.) 622.22. - te emtece 373,000)! Spanish: mackerel to... 20. oe. e necks 1,734, 200 
Marpatesnshist =o). 5002. 2. ISIS LE OOOH Ie Panel te base Aiel. POLE ie Sed. he 600 
LSTA 2 ee See aee ane eee SIP eRe Mayon Sas See BE Cee ce Sees 500 
Mullet: SUT) 0] 5S eet ne each ir et eines tr 4,000 

Wihktences.. 2th 2) ojyads F265 cece cc 275313 il), Yellow tails. 90-6611 3. 4sgas srs. ee 50, 000 
Sg Os Li liage a aR Ge Sioa sane te Wage So, OOO} Miscellaneous 222.5 see n-ne wee 1, 000 

Muttontish 22f2 22 ft Do Ce tee 25, 000 SS SSSerSs 
4 NG) 2) See At ey aia CSE = Sen 2, 829, 722 

1 Winter of 1918-19. 

- Taste 2.—Estimated catch and first value to the fishermen of various products 
landed in Key West during 1918. 

Products. Pounds, Value, 

PERE ioe eo as aia See Se See eS See ares oe Secon ee epee seo e tines caluic Boe 2, 829, 722 $141, 486 
pitey MODStenS Ie >. | Stee RAPP SAE LES Oe yee att CST pee cre sya vee 345, 518 33, 335 
SOT ye See i cote a ee oan ae SRE ee eee ee a ee Aaa 18, 000 2, 750 
PRECIO a nate reals oe ate ae eS eee eae ee Se rn ep ed re ee tone MA 150, 000 15, 000 
BBSREOS. ona apts are tessa ts he Se. oes eet . are ee Sees be 107, 743 82,377 
REID shee las mae eee eas ans cae Soe Ssh wee cat or ces nado monst ene see ecee 1, 265 
Sopichses se. Meh et tember il S ro orn oid Sa tee ies is 2,000 100 

agate AN ee EIS DT Sd Ob 3, 454, 248 275, 808 

2 The total catch given herewith varies somewhat from that listed in the Bureau of Fisheries statistical 
report for 1918, owing to the inclusion of the kingfish and Spanish mackerel catches for the season 1918-19 
instead of for the year 1918 alone, 

MULLET FISHERY. 

The striped mullet (M/ugil cephalus) is not caught in large quan- 
tities in the immediate vicinity of Key West, but it is one of the 
principal fish to be found in the local markets during the late sum- 
mer. The season when this mullet is abundant generally lasts from 
July until November. In 1918 about 85,000 pounds, worth $3,000 
to. the fishermen, were landed during this period. The total catch 
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of striped and silver mullets (Jf. curema) landed in Key West dur- 
ing 1918 was 112,313 pounds, valued at $4,531. 

The mullet is by far the most valuable fish caught in the State of 
Florida. During 1918 the catch on the west coast amounted to 
25,023,666 pounds, worth $1,151,103, and on the east coast to 10,417,- 
889 pounds, worth $397,147. In addition 86,285 pounds of salted 
roe, worth $17,593, were prepared, making the total weight of the 
fish 35,527,840 pounds, with a value of $1,565,843. 

Mullets are found in large numbers along the entire coast line of 
Florida. They are particularly abundant in or about bays, rivers, 
or creeks, and the greater part of the catch is taken in brackish water 
within almost a stone’s throw of land. Large numbers are found in 
the vicinity of Cape Sable, doubtless because the schools pass there 
going from one coast to the other, but among the Florida keys they 
decrease in numbers southward or as Key West is approached. 

Nearly the entire catch of mullet is taken with gill nets of 13-inch 
bar mesh. To make a catch in open water, two dories are used. 
The best type of dory has a platform in the stern, which is raised 
several inches from, the bottom of the boat, and on this the net is 
stowed, payed out, and hauled in. It is essential that the woodwork 
of the boat, edges of the gunwale, and such places where the net is 
liable to touch be smooth, so that the net may not catch or impede 
operations. In each of the dories is placed a net 150 yards or more 
in length, properly corked and leaded, and with a staff at each end. 
When a school of fish is located, the boats come together and the 
fishermen connect their nets and from this point quickly surround 
the mullets, describing a semicircle and bringing the staffs of the 
nets together at another point. After sufficient time has been given 
for the fish to gill themselves each net is hauled aboard its respective 
dory and the fish are removed as they come aboard. 
When mullets are caught in close quarters, such as in rivers or 

creeks, the operations of the fishermen are more simple and large 
catches are often made under such conditions. 
A river bank often proves an effective aid in netting, as the fishes’ 

chances of escape are considerably lessened by such a barrier. As a 
school of mullets advances along the shore the net staff is planted 
near the water’s edge, and at the proper time the net is set around 
the fish and returned to the shore some distance up or down stream. 
Sometimes it is unnecessary to use all of the net, in which case the 
unused portion is distributed either within the inclosure or around 
the outside in order to effect additional obstruction for the fish. 
Often from 5 to 10 per cent of the fish escape by jumping over the 
outer edge of the net, and many others gain their freedom by swim- 
ming under the lead line at some point where’ it does not lie close on 
the bottom. It would be far more difficult to make large catches of 
mullets if they did not jump from the water or cause a disturbance 
at the surface, thereby betraying their presence. Catches made 
otherwise are the result only of chance. However, under ordinary 
conditions schools of mullet follow close along the shore and give 
evidence of their presence to the fishermen. A school swimming 
along at a speed of 2 or 3 miles an hour can be sighted in sufficient 
time for all preparations to be made for their capture. As a rule 
the fishermen lie in wait at selected points and sometimes remain for 
hours on the lookout for the fish, The mullet is a very elusive fish, 
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and at the slightest opportunity an entire school will evade capture 
or escape from a seine. 
A large part of the fishing is done at night, fishermen selecting 

certain localities where the mullets are known to occur and where the 
water is free of snags. On moonlight nights the fish can be seen 
approaching, and on very dark nights they are located by their noisy 
splashes. Sometimes, also, a large net is set on a chance of sur- 
rounding a school that may be swimming deep, as they do on certain 
occasions. The fishery is rather uncertain, and sometimes the fisher- 
men return without a fish. On the other hand, large catches are 
frequently made. ; 
The greater part of the catch of ‘ate mullets brought into Key 

West is taken at or near Cape Sable. During the fall of 1919 from 
10 to 20 sloops and power boats operated in this vicinity. A run 
boat collected and iced the combined catch and made trips back 
and forth to Key West. Sometimes as many as 30,000 pounds of 
striped mullets are landed on one day in this locality, but generally 
the quantity is less. 

In order to protect the mullet during the principal part of its 
spawning season, the State of Florida has enacted a law prohibiting 
the catching of striped mullet (A/ugil cephalus) within the waters 
of the State from November 20 to January 20. During this closed 
season some of the fishermen resort to fishing for kingfish and 
Spanish mackerel. 

Both fresh and salted mullets are shipped from Key West. Fresh 
mullets are packed in barrels, similarly to other species of fish, and 
the greater part of the catch is sent to points in this country. In 
dry-salting mullets the fish are split and several incisions made in 
the flesh in order that the salt may “take” better. They are placed 
in piles until part of the liquid drains off and are then packed in 
slack barrels topped with burlap. The greater part of the salted 
fish is shipped to Cuba. 

Market fish generally range from 12 to 22 inches in length, with 
16 inches as a fair average. The females, or roe fish, usually average 
about 2 inches longer than the males. It is not unusual to find large 
numbers of fish weighing 3 or 4 pounds each. 

The silver mullet (J/. curema) is abundant at Key West and 
throughout the Florida keys. It is common on both coasts of 
Florida. As the average length of this species is about 104 inches, 
it is less sought after and of considerably less importance than the 
striped mullet. It is a good food fish, however. 

‘ On almost any day of the year schools of silver mullets can be 
found about Key West. They seem to prefer shallow water, 2 to 
12 feet in depth, and as they move along the bottom is stirred up, 
probably in their search for food. An area of cloudy water sur- 
rounded by clear water invariably betrays the presence of silver 
mullets. They are captured in the same manner as the striped mullet, 
excepting that it requires a net of 14-inch bar mesh. 

The fishermen distinguish the two species of mullet in the water 
by the way they jump, for, as a rule, the striped mullet jumps clear 
of the surface, while the silver mullet merely flips its tail out of the 
water. There are exceptions, however, when most or all of a school 
of silver mullets will jump out of the water simultaneously. This 
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jumping in unison has not been observed with the striped mullet, 
and only one or two individuals of a large school appear to leave 
the water at the same time. 
Although the silver mullet is abundant, the catch landed in Key 

West is small and the greater part of it is dry salted and shipped 
to Cuba. 

KINGFISH FISHERY. 

Kingfish (Scomberomorus cavalla and S. regalis) are caught in 
southern Florida from early November until late March. The season 
usually covers the same period as that of the Spanish mackerel, but 
the fishing is somewhat more uncertain. In some years very few 
kingfish are caught before December 1, but it is the custom of the 
fishermen to commence operations about November 10. The catch 
of kingfish in Florida for the season 1917-18 is given in the report 
of the Commissioner of Fisheries for 1919, Appendix X, as follows: 

Taste 3.—Catch of kingfish in Florida for the season 1917-18. 

West coast. East coast. 

County. Pounds. County. Pounds, 

Pinellas 24... spies ssiae ote cinssees cess 25° bof || Palm Beach == Foo. <5. steesancineneas = 1, 298, 161 
Manateese. ces ter enshet on eeana ose. eaten 42360 || BLOWAIC. 2s ~.c oc kee ce eee eee eee 
DetSoto. <2. Sos2g2 Fe eens eee 3,01 Dades-bb2e5s.\-e vee zee eee eceeeee 973,331 
MONTOO- <5 fs 5 ca eden eet See aeenn soe eeaes 394, 945 

jee Moval-Leu. eeh SS 2,271, 792 
TOL als a cease eee 465, 860 

The total catch for both coasts was 2,737,652 pounds. The entire 
catch of Monroe County was landed at Key West. Monroe County 
includes a portion of the extreme southwestern part of Florida and 
the Florida keys, which extend southwestward from the mainland 
forming the line dividing the Atlantic Ocean and the Gulf of Mexico. 
The major part of the fishing is done on the Atlantic side of the 
keys. The kingfish, therefore, are found in greatest abundance from 
Palm Beach County to Key West. 

In this country the kingfish fishery is confined almost entirely to 
Florida, the only other State where it may be considered as of im- 
portance being North Carolina, which reports a catch of 211,781 
pounds for the season of 1918. Off the Carolina coast kingfish are 
caught from May until October or during the months when they are 
not found in Florida. 

TapLE 4.—Catch of kingfish, by months, taken along the Florida keys and 
landed at Key West during the seasons from 1918 to 1920. 

Month, 1918-19 1919-20 

Pounds. Pounds, 
ICT ota ons) pee eee ae oie A ed ee ee oe i oo Re oS SED Sey 1, 000 25, 000 
December: poo sss ache eae eae ee tee ee dee seek. eee Reem ger =e Set - ae aemee 25, 000 28, 000 
AECL Ey pee ee eS, ESS OP = CL Be BS Ane Paes (Gace au saeedor SOasanasuaae ek Sc 168, 200 248, 000 
Rebriany - 1225 52st ee a ee eee ea eee nee ea eae 154, 300 45, 000 
March § 2-2: 2 Oe pn shor gee Se ge a ea ee a Se alte 25, 000 103, 000 

Totals iih2h5 55) 3 sss eee Pe Se Pat see ee Bear eo ea 373, 500 449, 000 
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The first two fish of the 1918-19 season were landed at Key West 
on November 20, 1918, and the fishing ended abruptly on March 10, 
1919, owing in part to the breakdown of the city’s only ice plant. 

The first fish of the 1919-20 season was landed at Key West on 
November 6, the second on November 7, and the third, weighing 30 
pounds, on November 10. Favorable weather during March permit- 
ted an unusually good catch for that month. The fishing ceased on 
March 25. 

For kingfish fishing a seaworthy power boat is of first importance. 
The majority of those seen in Key West range in length from 24 to 
50 feet. The most serviceable boats are of the half-cabin type, for on 
these sleeping accommodations may be provided and the’ boats are 
in many ways more satisfactory. A few open boats generally are 
employed for near-by fishing. Sometimes sailing vessels are seen, 
but without auxiliary engines they prove rather unsuitable except 
under unusually favorable weather conditions, as the speed of the 
boat must be evenly regulated in order to travel in any direction the 
fish may choose to take. As kingfish die soon after capture the fish 
well, if present in the boat, is not utilized. : 

With the exception of the boat the necessary equipment for king- 
fish fishing is very simple and inexpensive. A small supply of heavy 
cotton trolling lines, wire leaders, and metal squid hooks are all that 
is needed. After the first fish has been landed by the bare squid 
strips of fiesh and skin are cut from the belly of this fish and are 
used as bait for other fish. 

At least two men are required to man a boat—one to attend ex- 
clusively to fishing and one to manage the boat and fish when op- 
portunity affords. Two or more lines are trolled, according to the 
size of the boat. Slipknots are made on the lines, and when one of 
these pulls out it is a good indication that a fish has taken the hook. 
After hauling in fish for several hours this fishing seems more like 
work than sport, but an element of excitement and expectancy is 
always present. 

It is not. unusual for a boat to cruise about for most of a day with- 
out catching a fish, and often the catch scarcely pays for the fuel con- 
sumed, but in the long run the fishing is usually profitable, as a catch 
of several thousand pounds now and then more than offsets the days 
of loss. 

The fish usually range in weight from 4 to 40 pounds. Occasional 
examples reach 50 pounds or more, but such fish are rare. During 
the early part of the season when fish are scarce the few taken as a 
rule are large, weighing from 10 to 40 pounds, but. when the schools 
strike in the weight of individual fish usually varies from 4 to 15 
pounds. Fish of about the same size are generally found in a school, 
as it was observed that certain boats brought in fish weighing from 
5 to 8 Sear others brought fish weighing 6 to 10 pounds, and still 
others had fish weighing 8 to 12 pounds, etc. It is probable that each 
of these boats caught their fish from a single school. 
A large part of the kingfish catch is exported to Cuba or consumed. 

locally. Some shipments are made to points in this country where 
the kingfish, however, are not regarded as favorably as the Spanish 
mackerel. The Key West markets are never glutted, and the annual 
eatch is easily disposed of. The fishermen receive a uniform price 
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for their fish, as the rate is fixed at the beginning of the season. 
During the 1919-20 season the price was the same as for Spanish 
mackerel, 6 cents per pound. The retail price is generally about 25 
cents per pound. 

The kingfish is an excellent food fish when fresh, and its few bones 
and good flaver place it in great demand in Florida and Cuba. It is 
a fine game fish and is eagerly sought after by sport fishermen. 

SPANISH-MACKEREL FISHERY. 

On the Atlantic coast the Spanish mackerel is found from Mon- 
hegan, Me., to Brazil and in the Gulf of Mexico. It is taken in 
commercial quantities south of Sandy Hook, N. J. As a food fish it 
is held in high esteem and commands a good price at all times. 
The retail price during the last few years has ranged from 25 to 
50 cents a pound. 

It is only in recent years that the migrations of the Spanish mackerel 
have been partly understood. Less than 50 years ago it was not 
known where the fish spent the winter months, and it was only 
from April until early November that they were caught and brought 
to market. At that time Spanish mackerel apparently were not 
known to be in abundance in the waters of southern Florida during 
the winter.’ 

The following table shows the quantity of Spanish mackerel taken 
in 1880, by States, and the total catch for the United States: _ 

Pounds. 

Massa chisetis 4. 3 4x4 rhs i oe eres _ op yep ee ep eee rs 60 
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ING WV BAO Teese eee eee nie Mera: ae a nn 7 ae ont Re a ee Pate 25, 000 
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Mary landiac a rrenopt.n ot ballin ab pt aria Seve _ haere ee 18, 000 
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INOrthiGarolinaes= 2 ae. — Ee Se ee Sn Se ee OR Oe 10, 000 
SOU ar aye tas eS ee, a ee ean eee 1, 000 
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Tt is noteworthy that at the present time Spanish mackerel are 
caught and shipped to market in greatest abundance from November 
to March or during the months when 50 years ago the fish were sel- 
dom seen. It is now believed that these fish migrate southward and 
spend the winters in warmer waters. In 1880 the total catch for 
Florida and the Gulf of Mexico was recorded as only 20,500 pounds. 
The entire catch for the United States in that year only slightly 
exceeded the Key West catch for 1918-19 (1,734,200 pounds), and 
it was less than the Key West catch for 1919-20 (2,322,000 pounds). 
The distribution of the mackerel along the coasts of Florida is 
shown by the following statement giving the catch for the season 
1917-18: 

2The Fisheries and Fishery Industries of the United States. By G. Brown Goode and 
associates, 1887. Section V, History and Methods of the Fisheries, Vol. I, pp. 548-552. 
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The total catch for the State of Florida was 6,497,866 pounds, with 
a value to the fishermen of about 6 cents a pound. Practically the 
entire catch of Monroe County was landed at Key West. 

During each of the seasons 1918-19 and 1919-20 the first commer- 
cial catch of Spanish mackerel was brought in to Key West on about 
November 20. The season 1918-19 ended March 1, and only a few 
fish were caught after that date. This, together with the small catch 
for February, was partly due to a shortage of ice caused by the dis- 
ability of the city’s only ice plant. The catches, segregated accord- 
ing to months, were as follows: 

TABLE 5.—Catch of Spanish mackerel, by months, landed at Key West during 
the seasons from 1918 to i920. 

Month. 1918-19 1919-20 
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Gill nets and purse seines are used for catching Spanish mackerel 
in the vicinity of Key West. A few are caught with trolling lines, 
but the catch from this source is small. At other points along the 
coast, particularly in Virginia and North Carolina, a large part of 
the catch is taken with pound nets. The gill net is more extensively 
used than the purse seine. The usual net is 20 feet in depth, 150 to 
175 yards in length, having a stretched mesh of 32 to 33 inches built 
of 6-thread cotton seine twinemgmd tarred. In the fishery several 
shorter nets are joined together to form one 500 to 1,800 yards in 
length, according to conditions and the facilities of the boat. 

The boats employed are usually from 30 to 50 feet in length, gaso- 
line driven, and of the open or half-cabin type. In order that fishing 
may be done at night, a searchlight is carried on the bow. Most of 
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the fishing is done between sunset and sunrise, owing to the fact. that 
many more mackerel gill themselves in the darkness than in the day- 
light, when they are able to see the net. 

Gill netting appears to be an effective method of fishing, as a crew 
of two men often makes large catches. Some of the fishermen work 
independently, owning their own equipment, while others are at- 
tached to an individual or company and are supplied with the neces- 
sary boats and nets. At least one company that employs a small 
fleet of boats has a houseboat, which is anchored in a protected local- 
ity near the scene of operations and on which the men eat and sleep. 
Racks for drying the nets are built on the roof of the houseboat. 

The schools of fish are found at night by searchlight. When 
located, the mackerel are surrounded as rapidly as possible, and the 
direction of the net is indicated by lanterns mounted on cork floats 
placed at convenient intervals along the cork line. After the fish 
have been trapped the dories encircle the net, splashing the water to 
frighten the fish into gilling themselves. Sometimes the boats enter 
the inclosure to agitate the fish. As the bottom of the net is entirely 
open the fish could easily escape by sounding, but apparently the 
greater part of them remain at the surface, where they either gill 
themselves in the net or succeed in jumping over the top. 

During the 1919-20 season Key West had only one purse-seine 
boat, but several vessels came down from the mainland to operate in 
the vicinity of the keys. The local vessel was 90 feet in length with 
a 20-foot beam, and carried a crew of about 15 men. It was formerly 
schooner rigged, but it had recently been overhauled by having its 
topmasts removed and an auxiliary engine installed. The mackerel 
purse seine is about 600 yards in length. The upper part of the seine 
near the cork line is made of 32 to 32 inch stretched mesh, while the 
bunt is of 3-inch mesh. 

Purse seining.is an effective method of fishing for Spanish mack- 
erel, and large catches are often made. However, during the 1919-20 
season the gill netters, because of their greater number, took the 
major part of the catch. 

The advantages of gill netting over purse seining, especially to 
fishermen with small capital, are: (a) The gill netters can operate 
with a small power boat and with a crew of two or three men, 
whereas the purse seiner's require a larger boat and more men. If one 
company owns a number of gill-netting boats, these can operate in 
several localities at the same time, and thus cover more territory with 
the reasonable assurance that one or more of the boats will make a 
good catch. (6) The cost. of equipment and operating expenses is 
smaller for the gill netters than for the purse seiners. When fishing 
some distance from Key West, the catch of the gill netters is col- 
iected by a run boat, which brings the fish to the city and saves the 
fishermen much valuable time, and in addition the run boat trans- 
poe necessary supplies and food. The purse-seine boats generally 
ring their own fish to market and restock for the next trip. On 

the other hand, the purse seiners sometimes make large catches that 
prove very profitable. 

In packing mackerel for shipment the fish are iced in barrels con- 
taining 200 pounds net, and in shipping they are removed from the 
market as quickly as possible to make room for subsequent receipts. 
The fish are delivered by the fishermen with the entrails removed, and 
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at the markets they are washed, weighed, and immediately packed 
for shipment. During the height of the season as many as 100,000 
pounds of fish must be disposed of within one day in one fish house, 
and considering the relatively few men who execute this work it 
can only be accomplished by the speed, dexterity, and cooperation of 
the entire force. 

At times as many as 10 small boats are lined up at one of the fish 
wharves waiting to dispose of their cargo. In unloading the fish 
a 2-bushel basket is lowered into the boat, filled, hoisted to the dock, 
and dumped into a wire-meshed, semicylindrical basket that rests in 
a tub of water. In this basket they receive a superficial washing by 
being raised and lowered several times in the tub of water. The 
fish are then dumped on a large table, from which they are thrown on 
a scale and weighed in 100-pound lots. A barrel with broken ice on 
the bottom of it is always in readiness near the scale, and the fish are 
packed so as to form alternate layers with the ice, which is added 
as necessary. When 200 pounds of fish have been placed in a barrel 
it is rolled away, the remaining space being filled with ice well 
tamped. A wooden cover is nailed on, the barrel is properly con- 
signed, and is then ready for shipment. 

Most of the mackerel are shipped to points east of the Mississippi 
River, New York being the principal market. As a rule a glut 
seldom occurs on the market, but when heavy catches are received at 
Key West and other points in Florida simultaneously the price tends 
to drop until the heavy run is over. The fishermen receive a uniform 
price throughout the season, which in 1919-20 was 6 cents per pound 
to fishermen owning their own equipment and 34 cents to those who 
were furnished equipment by the dealers. When the gill-net fisher- 
men deliver their catch to the run boat that visits the fishing grounds, 
a slight reduction—usually one-half cent a pound—in the price paid 
is made. To the fish dealers the mackerel bring the highest prices 
in November and March, when catches usually are small. For a 
number of seasons past a representative from Fulton Market, New 
York, has been stationed in the largest fish house in Key West, 
where he supervises the packing and shipping of all fish consigned 
to his market. He purchases probably one-half of the Key West 
catch of mackerel. The quantity of mackerel sold to the local trade 
in Key West is negligible. 

Florida has the only special fishery for Spanish mackerel, al- 
though in North Carolina about 100,000 pounds were caught with 
gill nets during 1918. From New Jersey to North Carolina it is 
caught in pound nets along with other species of fish. In Chesa- 
peake Bay the first fish are caught in pound nets during the last 
week in May or the first week in June. The fish leave the bay the 
latter part of September or early in October. 

SPINY-LOBSTER FISHERY. 

The Florida spiny lobster (Panulirus argus) differs considerably 
from the northern lobster (Homarus americanus), the chief differ- 
ences visible at a glance being the very long legs, the long whiplike 
antenne studded with spines, the spines of the cephalathorax, or 
body, two of which protrude over the eyes like a pair of horns, and 
the absence of the great claws. Its flesh has a delicate flavor, and it 
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is said to equal that of the northern lobster. Aside from being an im- 
portant food for man, it is extensively used as bait by the hand-line 
and fish-trap fishermen. Besides the name “spiny lobster,” this 
crustacean is known as “ crawfish,” “sea crawfish,” “ langouste,” and 
“yrough, thorny, or rock lobster.” The name in general use among 
the fishermen is crawfish, but dealers ship the animal under the 
name “ Florida lobster.” Spiny lobster is perhaps the most suitable 
name, but for the sake of brevity the name crawfish has been most 
generally used in this paper. 

Within recent years the crawfish has found an important place 
in the fishery industry of Key West. Shipments to Cuba and cities 
of the eastern United States have steadily increased during the past 
decade, whereas prior to 1910 few crawfish, if any, were sold outside 
of the State. 

For many years the crawfish has found a ready sale in the city of 
Key West, and the price has been as low as 25 to 50 cents for one 
dozen, according to the season and the weather. The retail price 
during 1922 ranged from 75 cents to $3, with a general average of 
$1.50 a dozen, depending upon the available supply. ‘They are sold 
at retail by the piece or by the dozen and are seldom weighed. 

The average market size throughout the year is 9 to 10 inches in 
- length, exclusive of the long antenne, and the weight of a 9-inch 
crawfish is about 1 pound. The males grow larger than the females, 
and adult males are heavier than females of the same size, partly 
because of the longer legs. A comparison of the following weights 
indicates the difference: Males, 8 inches, 10$ ounces; 9 inches, 1 
pound 1 ounce; 11 inches, 2 pounds. Females of these same sizes 
weighed 105 ounces, 154 ounces, and 1 pound 11 ounces, respectively. 
During two years of intensive market observations it was found that 
the weights of about 99 per cent of the crawfish sold for food would 
fall between the extremes of one-half and 6 pounds. Very small 
crawfish are common in their natural habitat, but they are used only 
for fish bait. Crawfish weighing more than 6 pounds are rarely 
seen. The largest of which the Bureau of Fisheries has an authentic 
record was caught the latter part of January, 1922, with hook and 
line in 8 fathoms of water about 8 miles off the coast of Sarasota 
County, Fla. This specimen, which weighed over 8 pounds when 
caught and the total length of whose body and tail was 17 inches, is 
now in the United States National Museum collection. 

The crawfish is found close to shore, and most of the fishing is 
carried on within a mile of land. Rocky reefs and their adjacent ter- 
ritories are the most favorable fishing grounds. Its range in the 
United States extends from Beaufort, N. C., to the Florida Keys, 
principally on the Atlantic side, and among the islands of the Dry 
Tortugas. However, it is not numerous enough north of Miami, 
Fla., to be of commercial importance. Large numbers are reported 
from the Bahama Islands, and it is known to occur as far south as 
Rio de Janeiro, Brazil. A spiny lobster resembling P. argus in gen- 
eral appearance is found on the Pacific coast, but it is of a distinct 
species. 
eThe same type of boat is employed in the spiny-lobster fishery 

as that used in the hand-line fishery. Fishing lines are always kept 
aboard, so that if crawfish fishing proves unsuccessful the fishermen 
may return to port with a fare of fish. All boats in the vicinity of 
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Fic. 20.—Spiny 3.—Spiny lobster (Panulirus argus). 



ea
e 

"
1
7
 

“D
L 

me
 

Ss
qR
io
 

0
0
4
s
 

Zu
TY
Oy
vO
 

IO
J 

pa
zT
Ty
N 

os
ye
 

‘d
va
y 

ao
ys
qo
y-
Au
rd
g—
']
z 

‘
Y
s
y
 

P
p
 

oe
! 

L
a
 

‘
.
 

a
t
 

. 

V
C
)
 

1e'9 

: 
Oy
 

S
e
.
 

-
 

v
 

k 

Gefs) 
s
O
k
o
K
a
l
 
=
|
 

42) 
=) 

10} 

Ol 44 



‘sroysqoy 
Autds 

Surypoyeo 
ao; 

posn 
you 

A
o
T
N
g
—
"
 

G
G
 

‘O
T 

‘296 
(
9
0
0
—
'
d
 

‘8 

3 44 





FISHERIES OF KEY WEST. 45 

Key West are equipped with fish wells, which, according to their 
size, may accommodate from several hundred to about 1,000 crawfish. 
When using the bully net or the grains a small flatboat is utilized in 
making the catch. The typical flatboat has a rather blunt bow, to 
afford sufficient room for standing. This is an important feature, as 
the operator always works in the extreme bow of the boat. Some 
flatboats are equipped with a small fish well, but this is not absolutely 
essential for crawfish fishing, as the catch can be deposited from time 
to time in the well of the larger boat. Crawfish fishermen often 
remain away for a week or more at a time and seldom leave port with 
less than a 10-day supply of staple food products. 

Three methods are employed in catching the crawfish—trapping, 
“ bullying,” and striking. The method of trapping crawfish differs 
in no special way from that used in trapping the northern lobster 
(Homarus americanus), except that the trap itself is of a distinct 
type. The traps are handmade and are built of heavy galvanized 
wire. It requires considerable skill to manufacture a good trap, 
and in 1919 only one person made them for sale. The price at that 
time was $7. The trap is somewhat elbow-shaped and measures 
about 4 feet in length, 2 feet in width, and is 14 feet in depth. Craw- 
fish, crabs. and fish can enter through an opening made in the center 
of the vertical apex. The traps are baited with fish and placed in 
favorable localities, generally within 1 mile of the shore. Buoys 
are usually attached to the offshore traps, but are dispensed with 
when fishing is done near land in shallow water. The traps are 
lifted every morning when the weather is favorable. The crawfish 
are taken out through a small door located on the upper part of the 
trap. Stone crabs and fish are often caught along with the crawfish ; 
the crabs and larger fish are retained for market, while the smaller 
fish are used to rebait the traps. The principal advantages of trap 
fishing for crawfish are (a) one fisherman can work alone and inde- 
pendently, (6) the traps will fish in deep water where at times most 
of the crawfish migrate, and (c) fishing can be done during moder- 
ately heavy weather when other methods of crawfish fishing are 
curtailed. 

While trap fishing is somewhat of a success on a small scale, as 
yet no one has specialized in this method. It is not uncommon to 
catch from 6 to 15 good-sized crawfish in one trap over night, while 
4 per trap might be considered a very fair average. The fishermen 
do not lift their traps during periods of rough weather, and at 
times they remain down for a week or more. When lifted at the 
termination of such a period, they do not contain many more craw- 
fish, if any, than if they had been down but one night, and it is 
evident that some of them must escape after being trapped. <Ac- 
cording to the fishermen, the disadvantages of trap fishing are the 
high cost of the traps and the labor required for making them, 
the frequent repairs that are necessary when corrosion begins, the 
loss of traps through storms, theft, or otherwise, and the fact that 
they must continually be baited with fish. 

“ Bully ” fishing for crawfish is done chiefly at night. Two men 
generally work together, but some fishermen work alone and in- 
dependently. Besides the small flatboat, the necessary equipment 
consists of a bully net and a lantern. The bully net resembles a 
long-handled dip net, but differs in having the iron hoop placed at 
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right angles to the pole. The pole is 12 feet or more in length, 
and the pocket of the net is about 24 inches deep. The lantern 
is placed in a glass case as a protection from the wind and is set in 
the bow of the boat. 
When a “ bully ” fisherman discovers a crawfish crawling on the 

bottom he gives his partner directions for maneuvering the boat. to 
a point of vantage, whereupon the bully net is carefully but swiftly 
placed over the crawfish. With due caution the animal can be 
approached without its becoming alarmed, but upon the slightest 
touch of the net it makes a desperate effort to escape. The hoop 
of the net must entirely surround the crawfish and touch upon 
even bottom or the animal will escape. When the crawfish finds 
that it can not escape beneath the hcop it thrusts itself back into 
the bunt of the net, and it is then that the fisherman raises the net to 
the surface with the crawfish secure in the bunt, which hangs over 
the side of the hoop. A fisherman working alone must push his 
boat along with the bully pole and is at a great disadvantage, 
especially in a strong tide. 

During the course of a night one boat may capture as many as a 
thousand crawfish, but frequently only a few dozen are taken. The 
average catch probably ranges between 50 and 100. 

Striking is perhaps the most productive as well as destructive 
method of catching crawfish. The weapon used, known locally as 
the “ grains,” is a two-tined barbed spear, each prong being about 
83 inches long. By means of a ferrule it fits on the end of a pole 
15 feet or more in length. This fishing is pursued in the daytime 
and when the sea is smooth. The crawfish, which can usually be 
distinguished by its long whiplike antenne protruding from the 
shelter of a rock or sponge, is located by the use of a water glass.* 
By touching the antenne the animal is usually frightened from its 
shelter, and at the crucial moment it is speared with the grains. 
Many badly injured animals escape and soon die, while most of 
those caught do not survive long, and if the fishermen remain out 
too long a part of their catch is lable to spoil and can not be used 
as food. ‘This method of fishing, therefore, is destructive and 
wasteful. 

Several Key West dealers ship relatively large quantities of craw- 
fish out of the city. The principal markets are hotels and restau- 
rants located in Miami, Jacksonville, Atlanta, Washington, Phila- 
delphia, New York, and Boston. The restaurants utilize the craw- 
fish to prepare various fancy dishes calling for lobster meat other 
than in the shell. For long-distance shipments two methods are em- 
ployed in preparing crawfish—some are shipped alive and some are 
shipped after being cooked. 
When shipping live crawfish they are carefully packed in sugar 

barrels. They must not be overcrowded, and therefore not more 
than 6 dozens are placed in one container. A substantial layer of 
ice is first placed in the bottom of a barrel, and on the ice is put a 
layer of sponge clippings—a waste material obtained when prepar- 

3 A water glass such as is used in the Key West sponge and crawfish fisheries is simply 
a wooden bucket, the bottom of which has been replaced by glass, all joints being made 
water-tight. It is used when the water is choppy and the bottom could not otherwise be 
seen. The operator holds it in the water with one hand, thrusts his head into the pail, 
and with the other hand holds his implement of capture, whether it be spenge hook or 
grains. In very rough water it can not be used because of the violent action of the boat. 
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ing sponges for the market. The crawfish are then placed in a single 
layer on the sponge and covered with more clippings and ice. Thus, 
when completely packed, a barrel contains alternate layers of ice, 
sponge, crawfish, and sponge. The sponge clippings are used to 
absorb moisture and to keep the crawfish from direct contact with 
the ice. The barrels are conspicuously marked “ re-ice,” and it is 
sometimes necessary for transportation companies to re-ice a ship- 
ment several times when it is consigned to a distant point. 

During the experimental stage of shipping live crawfish many of 
them were received in a spoiled condition, and it was thought that 
shipments could not be made with profit. It developed, however, 
that the most unsatisfactory shipments were caused by poor packing, 
and by experimenting the system just described was established and 
reduced losses to a minimum. It is very important that the craw- 
fish be handled with great care from the time they are removed from 
the water until they reach their final destination. No injured craw- 
fish are shipped alive, which fact excludes all those captured with 
the grains. 

More crawfish are shipped in a cooked state than alive. More labor 
is required to prepare cooked crawfish, but shipping losses are very 
small and considerable packing space is saved by the elimination of 
the waste parts of the animal. Crawfish that are to be shipped in 
the cooked state are prepared as follows: The live animals are placed 
in a steam cooker and cooked until they are sufficiently well done to 
be eaten. After they have cooled sufficiently to be handled with 
unprotected hands the abdomen, or tail, is removed and the remainder 
of the animal is thrown away. The tail is split open and the meat 
is removed from the shell. Four or five tails are placed in a No. 2 
friction-top can, which is perforated with small holes to admit air. 
These cans are then packed in a slack barrel, iced as in the case of 
fish, and are ready for shipment. A standard barrel contains 64 
cans of 105 pounds net weight, representing the meat of 24 dozen 
crawfish. The barrels, however, vary somewhat in the weight of the 
crawfish they contain. One dealer dispenses with the cans entirely 
and packs the tails, without removing the shell, in barrels with an 
abundance of broken ice. He has used this method for a number of 
years with satisfactory results. 

The trap and bully furnish the most select crawfish and the only 
ones that can be retained in captivity or shipped alive for long dis- 
tances. Fortunately for the industry, many of the fishermen and 
most of the dealers look with disfavor upon the “ striking ” of craw- 
fish. The abdomen or tail of a “ struck” crawfish is usually removed 
from the body before it is cooked, and by this operation much space 
is saved in the cooking kettle or pot. Owing to the rapid deteriora- 
tion of the flesh it is a question, however, whether this practice is a 
good one, as crawfish, lobsters, and crabs are in the best condition 
when killed in the cooking process. 

_ No crawfish are canned in Key West at the present time (March, 
1920). Several attempts to do so have been made during the past 10 
years, all of which failed because of the tendency the meat has of 
turning dark. It is believed, however, that by experimenting along 
these lines and carefully studying the methods used in canning 
shrimp, lobsters, and crabs that the crawfish can be successfully 

83357 ° —24———_4 
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canned. It is very probable that properly canned crawfish could 
readily establish itself on the market. 

Because of the large numbers of crawfish used for fish bait it is 
difficult to estimate the annual catch with much exactness. The ap- 
proximate catches made in previous years are as follows: 1895, 157,- 
500 pounds; 1897, 161,500 pounds; 1902, 57,664 pounds; 1918, 345,518 
pounds. During the month of December, 1918, shipments sent out 
under the trade name of “ Florida lobsters ” totaled about 500 barrels. 
This amount established a record up to that time, but this record was 
exceeded several times during 1919. During the year 1919 about 
360,000 crawfish, weighing approximately 375,000 pounds, were 
caught. Of these about 40 per cent were shipped, 40 per cent were 
consumed locally, and 20 per cent were used as bait by the fishermen. 
On September 10, 1919, a severe hurricane visited Key West, wreck- 
ing many of the boats and paralyzing the fishing industry for sev- 
eral weeks; but for this incident the catch of crawfish would have 
reached 400,000 pounds. 

The crawfish is taken at all seasons of the year, but the period of 
greatest abundance is from November to June. Most of the spawn- 
ing occurs during the spring and summer, but occasional eggbearers 
are found as late as early winter. Unlike the northern lobster 
(Homarus americanus), whose eggs are carried for about 10 months 
before hatching, the incubation period of the eggs of the Florida 
spiny lobster is only about three weeks. 

Large numbers of crawfish congregate along the shores during the 
spring for the purpose of spawning, and they are easily captured 
there. To conserve the supply of crawfish, the State of Florida has 
enacted a law, approved May 23, 1919, and effective for the first time 
during 1920, protecting the crawfish during the principal part of its 
spawning season. The text of this law is as follows: 

Section 1. It shall be unlawful for any person, firm, or corporation, or asso- 
ciation of persons to take or catch any salt-water crawfish from the waters 
of the State of Florida for commercial purposes, or to have in their, or its, 
possession between the first day of March and the first day of June of any 
year: Provided, That salt-water crawfish may be caught or taken at any time 
for purposes of bait, for catching fish, or for purposes of propagation or re- 
search by any State or biological station. 

Sec. 2. It shall be unlawful for any common carrier, agent, or employee of 
such carrier to receive for carriage or permit the carriage of any such craw- 
fish between the first day of March and the first day of June of any year. 

Sec. 8. Any person, persons, firm, or corporation, or association of persons 
violating any provision of this act shall be deemed guilty of a misdemeanor, and 
upon conviction shall be punished by a fine of not more than two hundred and 
fifty ($250) dollars, or by imprisonment in the county jail for not more than 
six months, or both. 

The future of the crawfish industry appears to be promising. A 
large commercial enterprise could hardly be supported by the de- 
mands of southern Florida, but there is almost unlimited opportunity 
for expansion by introducing this delicacy into the hotel and restau- 
rant trade and even as a familiar. object in the fishmonger’s store. 
The crawfish has already been put to the test and has been accepted 
by some of the foremost epicures in this country. 

At the present time one of the chief drawbacks to the crawfish 
industry is the irregularity of the supply owing to weather condi- 
tions. During windy weather, with its resultant high seas, it is im- 
practicable to bully or strike crawfish and the small catch of the 
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traps at such times is usually insufficient to supply even local de- 
mands. Thus it happens that at times dealers are unable to secure 
a good supply for one or two weeks at a time. While crawfish can 
be retained in live boxes for long periods of time, it appears that 
dealers do not make a practice of accumulating large supplies. 

STONE CRAB. 

The Florida stone crab (Aenippe mercenaria) is the only species 
of crab that is of commercial importance in southern Florida. It 
is found from Beaufort, N. C., to Matagorda Bay, Tex., and has 
been recorded from Yucatan. A closely related species (J/. nodi- 
frons) is found from Cuba throughout the West Indies to Brazil, 
with a single record from Cameron, La. 

Judging from the small numbers to be seen in the markets through- 
out the year, the stone crab is not found in great abundance. The 
flesh of this crab may, indeed, be considered a delicacy, and it is 
doubtful if there is any animal caught among the Florida keys that 
surpasses it in excellence. The fishery is pursued almost entirely 
with traps, although a few crabs are caught by hand and with nets. 
Stone crabs do not necessarily inhabit rocky places, and they are 
frequently found on bottoms of sand, marl, or clay, and among 
corals, sponges, and other bottom growths. 

These crustaceans are caught throughout the year, but the most 
favorable fishing obtains during February, March, and April. They 
are found rather near the shore and generally not farther than 1 
mile from land. Very few fishermen specialize in catching crabs, 
and most of those caught are taken incidently with crawfish. Dur- 
ing periods of stormy weather when the traps are inaccessible the 
markets are sometimes without crabs. Unlike the crawfish, stone 
crabs are not shipped out of the State, but during the winter small 
numbers are supplied to seaside hotels in southern Florida. 
When the weather is favorable the Key West catch varies from 

about 10 to 50 dozens a day during the winter and spring season, 
but no doubt more could be caught if they were more keenly sought 
after. The estimated annual catch of crabs is recorded for the fol- 
lowing years: 1895, 4,680; 1902, 8,160; 1918, 18,400; and 1919, 22,000. 

Small crabs, measuring about 3 inches in width across the carapace, 
sell at retail for about $1 a dozen, while those 4 or more inches in 
width bring from $1.50 to $2. The size of the claws, rather than 
the size of the body, determines the value of the crab, for the body 
meat is not eaten except in the very largest ones, because of the 
tedious process of picking out the edible parts. Large crabs with 
small claws are therefore classed with the small animals, and those 
without claws are returned to the water without injury. It is not 
unusual to find large crabs with claws weighing nearly half a pound 
each. The maximum size attained by the stone crab is about 6 
inches in width across the carapace. Since they have no large 
lateral spines, such as the blue crab has, an individual of this size 
with its great claws is larger than might be supposed. A crab hav- 
ing a carapace 4.8 inches in width was found to weigh 13 ounces, 
and one of 5.1 inches weighed 1 pound and 3 ounces. These speci- 
mens both possessed claws of normal size. 
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Stone crabs do not live long out of water and on a warm day 
probably would not survive more than several hours. When dead 
they deteriorate very rapidly, and in preparing them as food they 
should by all means be killed in the cooking process. Stone crabs, 
however, can be held in captivity for a long time, as a number were 
retained in pens at the Key West biological station for over two 
years, when they were finally lost in a hurricane. 

TURTLE FISHERY. 

Key West is one of the principal markets for marine turtles in 
the United States. Three species are seen in the markets—the green 
turtle (Chelonia mydas), the loggerhead (Thalassochelys caretta), 
and the hawksbill (C. imbricata). 

The green turtle is by far the most important, the loggerhead is 
considered inferior and is eaten only by the fishermen, while the 
hawksbill is scarce and used only for its shell. Most of the turtles 
are brought in by foreign boats, making Key West principally a 
receiving “station from which the turtles are forwarded to other mar- 
kets in this country. 

The green turtle inhabits the Atlantic, Indian, and Pacific Oceans, 
its preference being for the tropical and subtropical parts, although 
it sometimes strays to the northern part of the Temperate Zone. 
It is found in greatest abundance about the island of Ascension, the 
West Indies, and the Atlantic coast of Nicaragua, between latitudes 
11° 30’ and 14° 10’ N. 

The three external characteristics by which the green turtle may 
be distinguished from the loggerhead are the front flippers, head, 
and coloration. The green turtle has but one nail on each of its 
two front flippers, its head is considerably smaller than that of the 
loggerhead, and the color of the carapace or back is net uniform 
but may be a mixture of olive, olive green, and brown, which is 
usually mottled or streaked with yellow, somewhat resembling that 
of the hawksbill. Pleasing designs are often found, although the 
carapace is not used commercially in Key West. The under parts 
are pale yellowish. The turtle gets its name from the green color 
of its fat. At the present day the maximum size is 4 feet, with a 
weight of about 500 pounds, but examples weighing over 300 pounds 
are seldom taken. In its natural habitat this turtle is herbivorous, 
feeding on alge and turtle weed, but in captivity it is said to show 
a preference for fish. 

The egg-laying period is from April to July, at which time the 
female leaves the water to deposit her eggs on a sandy beach above 
the high-water mark and in a locality that receives the sun’s rays. 
With her flippers she scoops a hole in the sand, 12 to 18 inches in 
depth, and after depositing her eggs replaces the sand, instinctively 
leaving the nest almost undetectable to the eye. This is accomplished 
by crawling over the freshly filled-in sand and blinding her trail 
so that the identity of the act is lost. A female is said to deposit 
about 100 or more eggs in a nest and to repeat this act two or three 
times during the several months of the egg-laying period. Many 
turtles are captur ed after they have come ashore to lay their eggs. 

— 
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There is but one dealer in Key West who buys green turtles, and 
besides making shipments to the north he operates a small soup 
cannery. 

The turtles are landed by fishing schooners known as “ turtle 
boats,” most of which fly the British flag. As soon as they are re- 
ceived in Key West the turtles are placed in a turtle crawl. This 
crawl—the only one in this region—is an inclosure of about 40 by 70 
feet, which is surrounded by palmetto logs placed close together in 
water 15 feet in depth. It is divided into a number of smaller 
crawls in order that the turtles may be separated into different size 
groups. In these pens or crawls the turtles will live for a long time, 
and there is practically no loss to the dealer through mortality. As 
many as 800 turtles occasionally are held in captivity at one time. 

Most of the turtles are landed during the spring and early sum- 
mer, which is the egg-laying season. During May, 1919, five vessels 
landed 1,250 green turtles in Key West, each cargo containing from 
295 to 300 animals. Many more were received throughout the summer, 
but by the end of November deliveries practically ceased. Very few 
turtles are received from December to March, but a good supply is 
kept on hand in the late fall to last throughout the winter. It is 
estimated that 170,000 pounds of green turtles were landed in Key 
West during 1919. 

To remove a turtle from the crawl, a loop of manila rope is 
dropped into the water for the purpose of catching the flipper of a 
turtle when the animals come to the surface to breathe. When a 
flipper has been thus caught, the rope is at once made taut and several 
men haul the turtle up to the dock, where it is turned over on its 
back to prevent its escape and the rope is removed. 

Turtles that are used for canning purposes are slaughtered on the 
turtle dock. Each day during the greater part of the year five or 
six are killed at 3.30 p. m., at which time an inspector is present to 
see that the butchering is done in a sanitary manner. No turtles are 
killed until the desired number has been removed from the pens and 
laid about 1 foot apart on the dock. Then one person takes a sharp 
ax and strikes the head and four flippers off each turtle, going from 
one to the other with great rapidity. In each case the appendages 
are almost completely severed, allowing the animals to bleed freely. 
Immediately after the axman finishes, two men commence cutting 

away the plastron and then remove the entrails. During the opera- 
tion sea water is thrown over the carcasses to wash away the blood 

and slime. The edible portions of the turtle are removed in four 

large pieces, each of which contains one of the flippers. The flesh 

is cut away from the carapace and thrown into a barrel of sea 

water, where it is thoroughly washed. It is then taken to the can- 

nery, where it is hung on hooks and allowed to remain over night 

for use the next day. The following day a small portion of the meat 

may be sold for local consumption, but the greater part 1s used in 

preparing canned turtle soup. ; 
At least one prominent chef has stated that the carapace is one of 

the best parts of the green turtle for the making of soup, but the 

Key West cannery disposes of that part as well as the plastron and 

entrails by dumping them into the sea some distance from shore. | 

During May, June, and July the females contain eggs In various 

stages of development, which greatly enhances their value, as there 
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is a great demand for the eggs. The white or mature eggs sell for 
25 cents a dozen, while the yellow or immature ones bring about 50 
cents a pound and are considered a great delicacy. The turtle has 
two ovaries, and the immature eggs are found in a large cluster in 
each one. The mature eggs, which are somewhat smaller than a 
golf ball, are found practically unattached inside the ovaries and 
have tough parchmentlike shells, which will not break even though 
the eggs are thrown down with force. A female is said to contain 
from 6 to 30 pounds of eggs, according to its size and condition. 

The smaller turtles are shipped alive to the North, as they com- 
mand a somewhat higher price per pound than do the larger ones. 
The following quotations are taken from the New York wholesale 
market prices of December 29, 1919: Turtles (green) under 100 
pounds, 18 cents per pound; 100 to 150 pounds, 17 cents; 150 to 200 
pounds, 16 cents; over 200 pounds, 134 cents. New York, however, 
obtains only a part of its green turtles from Key West, for many 
are brought by steamship direct from the West Indies and Central 
America. 

In preparing turtles for shipment on the coastwise steamships the 
four flippers are pierced and tied together, and the animals are 
placed back down. This method of shipping turtles has been 
branded as cruel, but it appears to be a necessity. The piercing of 
the flippers, however, is not absolutely essential. Because the marine 
turtles live almost entirely in the water the plastron is developed in 
such a way that it is not capable of sustaining the weight of the 
body without injuring the internal organs. Placing a green or a 
loggerhead turtle in its “natural” position when out of water re- 
sults in pressure from cee plastron against the lungs, causing death 
from suffocation. 

The loggerhead turtle is recorded from all tropical and subtropical 
seas. The writer has observed one in New York Bay, one off Long 
Island, and several off the New Jersey coast. Since the loggerhead 
turtle is of much less commercial value than the green turtle, it has 
been fished for less aggressively, and for that reason it is probably 
the more abundant of the two. 

The front flippers of the loggerhead are supplied with two nails, 
except occasionally in old examples, which have but one. The head 
of the loggerhead turtle is larger than that of the green turtle. The 
color of the carapace is usually a uniform brown, but sometimes it 
is faintly marked. with yellow. The under parts are yellowish. 
Loggerheads weighing more than 700 pounds are comparatively rare, 
the usual size ranging between 40 and 400 pounds. This turtle is 
mostly carnivorous in its habits, but is said to feed also on a certain 
grass that fishermen call “ turtle weed.” 

Most of the egg laying takes place during May and June. During 
the egg laying season one female, according to size and condition, 
may lay from 50 to 1,000 eggs. The eggs, which hatch in from 
six to eight weeks, are deposited in the same manner as those of the 
green turtle. The loggerhead is strictly a marine animal and, like 
the green turtle, the female forsakes the sea only to lay her eggs. 

The loggerhead turtle is fairly plentiful in Florida waters, but 
it is most abundant on the southwest coast. Compared with the 
green turtle its value is slight, but it is utilized for food to some 
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extent in the small fishing villages, and it is not infrequently found 
in the markets of certain large cities. 
Two methods are employed in catching both the green and the 

loggerhead turtle in the vicinity of Key West—netting and pegging. 
There are well recognized localities that turtles are known to fre- 
quent in search of food, and it is at these places that the turtle 
fishermen look for them. 'The senses of smell and taste appear to 
be well developed, and they will travel long distances in search of 
their favorite food and feeding grounds. 

In netting turtles a large-meshed net is used, and when one or more 
turtles are discovered in one locality the net is set in a straight line 
at a favorable place to intercept their progress. As all turtles must 
rise to the surface for air at more or less frequent intervals they are 
very liable to be seen in smooth water, and on calm days they can be 
located several hundred feet away by the sound made when they 
forcibly exhale air at the surface. While a turtle can not gill itself 
as fish do, the net nevertheless acts very much in the manner of a 
gill net. Upon striking the net the turtle usually becomes entangled 
in the meshes by its head and flippers, and after a futile struggle it 
rises to the surface where the fishermen are ready to haul it aboard 
their dory. Some of the turtles, of course, avoid the net, and others 
that strike it fail to become entangled, but a large percentage of 
those that strike the meshes are captured. 

Pegging turtles is somewhat similar to spearing swordfish. <A 
small sharp barbed spear, to which a line is attached, is fitted loosely 
on a staff, and upon approaching within a suitable distance of the 
turtle the spear is plunged into its back. The spearhead usually sep- 
arates from the staff when it becomes embedded in the back of the 
turtle, and the animal is held by the line. If the spear is firmly 
embedded, the capture of the animal in a short time is assured. 
Fishermen living in isolated places and who desire turtles for food 
usually employ this method. 

In the West Indies and off Central America the greater part of 
the catch is made during the egg-laying period in the spring, when 
the turtles are captured on sandy beaches upon which the females 
have emerged for the purpose of laying their eggs. The marine 
turtles are poorly equipped for travel on land, and their movements 
are slow and laborious. For this reason if car efully : approached they 
are easily captured, and by being placed on their backs they are ren- 
dered helpless to escape. 

The hawksbill turtle is found in the Gulf of Mexico and in the 
West Indies southward to Brazil. This species is easily recognized 
by its small size and hard, imbricated shields, of which there are 13 
large ones normally surrounded by 24 marginal plates. The carapace 
shields overlap each other like shingles on a roof, differing in this 
respect from the green and loggerhead turtles whose shields are 
smooth. The fore and hind flippers each have two nails, and the 
horny covers of the J jaws form a sharp hooked beak, from which the 
name “hawksbill” is derived. The carapace of the adult is beauti- 
fully mottled with yellow on a dark brown background. The tor- 
toise shell of commerce is, obtained from the carapace of this turtle. 
The shields can be fused by pressure and heat to form pieces of any 
desired size. 
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The hawksbill turtle is too scarce about Key West to be considered 
of much commercial importance. The shells of the few that are 
caught by local fishermen are kept or sold as novelties. The size of 
those that are seen ranges from 10 to 15 inches, measured over the 
longest distance of the back. In Key West these turtles bring from 
$1.50 to $10 each, according to the size and condition of the plates. 
The largest specimen of which there is a record measured 34 inches. 

SPONGE FISHERY. 

Detailed accounts of the Florida sponge fishery have already been 
published,* and therefore the subject. will be treated only very briefly 
in this paper. The old methods of buying, selling, and packing 
sponges used 30 and 40 years ago are still in vogue, and the fishery of 
to-day is much the same as it was many years ago. The publication 
by Dr. H. F. Moore gives an exhaustive account of the sponge fish- 
eries and has been drawn upon liberally in securing data for this 
chapter. 

Florida sponges had a limited domestic use among the inhabitants 
as far back as the early part of the nineteenth century, or soon after 
Key West was settled in 1822. It was not until 1849, however, that 
these sponges became of commercial value. In that year a cargo of 
sponges was sent to New York on a venture and resulted in the grad- 
ual building up of this industry in Florida. 

Until 1891 Key West held almost an absolute monopoly of the trade 
in the United States, but at that time a small sponge mart was 
established at Tarpon Springs. Because of more advantageous local 
conditions, the waning of the catch on the Key grounds, and especially 
because of the development of diving for sponges, Tarpon Springs 
has become the leading sponge center, relegating Key West to a poor 
second. 

Table 6 shows the extent of the sponge fishery °® on the Gulf Coast 
of Florida for the years indicated, from 1895 to 1918. The weights 
used are taken after the sponges have been cleaned and dried and 
before they are baled for shipment. The average weights of different 
grades are as follows: Glove, wire, and yellow, each 13 pounds per 
bunch; grass and large wool, 24 pounds per bunch; small wool, 1 
pound per bunch. 

TABLE 6.—Quantity and value of sponges taken on the Gulf coast of Florida 
in certain years from 1895 to 1918. 

1895 1897 1900 1902 1918 

Kinds 
of sponges. 

Pounds.| Value. |Pounds.| Value. |Pounds.| Value. |Pounds.} Value. |Pounds.| Value. 

Sheepswool....- 231, 272 |$363, 107 |157, 476 |$240, 599 |181, 311 |$483, 263 |133, 518 |$297, 727 |276, 168 |$675, 781 
Vollow..t9oscces 29,509 | 11,798 | 32,362| 13,082 | 74,466 | 44,045 | 56,787 | 31,113 | 91,641 | 34) 187 
Grass....--.000-- 21) 387 ; 464 |128, 622 | 29,188 [143,112] 33,263 [140,682 | 29,765 | 73,033 | 12) 125 
Others.......... 23,952 | 6,502} 13,086 | 3,171 | 19,236 | 7,114 | 15,902| 5,817 | 11,346 | 3, 062 

Total...... 306, 120 | 386, 871 [331,546 | 286,040 |418, 125 | 567,685 |346, 889 | 364, 422 |452, 188 | 725, 155 

4Commercial Sponges and the Sponge Fisheries. By H. F. Moore. Bulletin, U. S. 
Bureau of Fisheries, Vol. XXVIII. 1908 (1910), Part I. B. F. Doc. No. 667. 

5 Kishery Industries ef the United States. Report of the Division of Statistics and 
Methods of the Fisheries for 1919. By Lewis Radcliffe. Appendix X, Report, U. S. Com- 
missioner of Fisheries for 1919 (1921), pp. 160-161. B. F. Doc. No, 892. - 
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TABLE 7.—Relative importance of Key West and Tarpon Springs as sponge 
centers from 1888 to 1918. 

Locality.| Num- | Per Nine Per | Num-| Per | Num-]| Per | Num-| Per | Num-| Per 
ber of |cent of} ber of {cent of} ber of |cent of| ber of jcent of| ber of |cent “of ber of {cent of 
nn total | pounds] total | pounds} total | pounds) total | pounds} total | pounds) total 

ded.| catch. | landed.| catch. | landed.| catch. | landed.| catch. | landed.| catch. | landed.| catch. 

Key We West|238,038 | 94 [280,372] 92 |270,906| 82 [359,854] 86 |266,841} 77 |107, 743 24 
arpon 
Springs | rile al Be ...| 16, 344 5 | 56,000| 16/53,173] 13] 67,218 19 [B44 445 76 

Others. 15, 652 6 | 9,404 3| 4,640 2| 5,098 TP SION OAs Pe tants 
| 

In 1919 the quantity of sponges sold at the Tarpon Springs ex- 
change amounted to 424,075 pounds, valued at $707,964, and in 1920 
the quantity sold was 409 ,(46 pounds, valued at $678, 209. The catch 
at Key West for these years is not available, but it is probable that 
it did not exceed 125,000 pounds for either year. 

In 1921 the quantity of sponges sold at the sponge exchange, Tar- 
pon Springs, Fla., was 386,390 pounds, valued at $540,093, of which 
173,723 pounds, valued at $463, 170 were large wool; 63 {786 pounds, 
valued at $28,705, small wool; 70,218 pounds, valued at $30,428, 
yellow; 65,745 pounds, valued at $12,623, grass; and 12,918 pounds, 
valued at $5, 167, wire. The prices of the small wool sponges were so 
low in the latter part of 1920 that several thousand bunches were 
held over for sale in 1921. For this reason the 1921 totals were larger 
than for the preceding year. It is estimated that sponges amounting 
a value to $40,000 were sold outside of the exchange at Tarpon 
prings.°® 
In 1922 the quantity of sponges sold at the sponge exchange, Tar- 

pon Springs, Fla., was 526,885 pounds, valued at $699,092, of which 
248.475 pounds, valued at $596,199 were large wool; 70,478 pounds, 
valued at $42,286, small wool; 115,455 pounds, valued at $37,637, 
yellow; 84,892 pounds, valued at $20,379, grass; and 7,585 pounds, 
valued at $2,588, wire. It is estimated that sponges to the value of 
$50,000 were sold outside of the exchange at Tarpon Springs.’ 

The principal kinds of sponges brought into Key West, in the order 
of their importance, are the sheepswool, yellow, and grass. These 
are divided into numerous subvarieties and grades. Glove sponges, 
although generally common throughout the Florida keys, have but 
a small commercial value and are sold only in limited quantities. 
Other kinds, such as velvet and wire sponges, are of minor importance 
in the Key West market. 
“The sponging grounds as at present developed are broadly di- 

vided into two widely separated areas—the ‘bay grounds,’ lying in 
the open waters of the Gulf of Mexico from about Johns Pass to St. 
Marks, and the ‘key grounds,’ stretching along and among the reefs 
and keys from Cape Florida to Boca Grande - Key.” ( Moore, 1908. ) 
Doctor Moore states further that “the grounds as exploited and 

6 Fishery Industries of the United States. Report of the Division of Fishery Indus- 
tries for 1921. By Lewis Radcliffe. Appendix IX, Report, U. S. Commissioner ef Fish- 
eries for 1922 (1923), p. 70. B. F. Doc. No. 932. 

7 Fishery Industries of the United States. Report of the Division of Fishery Industries 
for 1922. By Harden F. Taylor. Appendix V, Report, U. 8S. Commissioner of Fisheries 
for 1923, p. 63. B. BF. Doc, No. 954. 
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worked by the hookers up to the time of the introduction of diving 
apparatus, in April, 1905, covered an area of 4,350 square miles, of 
which the bay grounds contained about 3,400 and the key grounds 
about 950 square miles. It must not be considered, however, that all 
of this area is productive, for, on the contrary, the actual sponge- 
producing bottom in any given field is far less than the barren areas 
with which it is mingled.” Since the introduction of diving a con- 
siderable area has been added to the sponge grounds, because opera- 
tions can be carried on at greater depths. 

In Florida two methods are used in gathering sponges—diving and 
hooking. A sponge-diver’s outfit generally consists of a schooner of 
between 10 and 20 tons register and one or two machine boats. The 
schooner is used as living quarters for the crew and a place of de- 
posit for the sponges. The machine boats carry the usual diving ap- 
paratus and are of the Greek type, with high bows and sterns. The 
diving dress consists of a helmet, rubber suit, breastplate, shoes, and 
weights. Generally seven to nine men are carried, consisting of a 
captain, deckhand, cook, and a diving crew. The great majority of 
divers’ boats operate from Tarpon Springs. 

The divers generally operate at a depth.of 60 feet or less and re- 
main down for about two hours at a time. As there are two divers 
to a boat, each man works about two hours and rests for a like 
period. At greater depths the working time is shorter and the rests 
longer. The sponges are gathered by hand and placed in a net 
basket, which is pulled to the surface from time to time to be 
emptied. The divers often work in places that are inaccessible to 
the “ hookers,” and it is probable that the sponges found in such 
localities could not be obtained by any other method. The daily 
catch varies considerably, but it usually averages from 10 to 15 
bunches for each boat. Occasionally a prolific bed is found, result- 
ing in a catch of 40 or 50 bunches in one day. The boats often re- 
main away for one to two months, but sometimes a good catch is 
made in one week. 

The Key West fishermen use the sponge hook almost exclusively. 
Prior to 1905 all sponges in this country were taken with hooks, 
but diving has proven so much superior that the old method is now 
of small importance in the fishery. 

The sponge hook has the one advantage that it can be used by one 
or two men and at practically no expense. The hook is attached 
to a pole of convenient length and has three tines bent at right angles 
to the handle, so that a sponge may be lifted perpendicularly from 
the bottom. The typical hook fisherman has a sloop 25 to 40 feet 
Jong on which he lives and a 12 or 14 foot dory in which he works. 
Sails are generally depended upon in going to and from the grounds, 
as only a few of the boats used are equipped with auxiliary engines. 
The hook fisherman usually operates among the keys where the 

water is clear and about 6 to 15 feet in depth. Except when the 
water is very smooth a sponge glass (that is, a wooden bucket with a 
glass bottom) is used for ‘locating the sponges. When two men 
work together, the hooker remains in the bow with the sponge glass 
and directs his companion in the movements of the boat. Sometimes 
one man works independently, in which case he weights the stern of 
the dory with iron and propels the boat by pushing on the bottom 
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with his sponge hook. It is seldom that a fisherman working alone is 
able to use the sponge glass. 
A few larger boats of the small schooner type engage in hooking. 

Two or three dories are carried, each of which is manned by two 
men. Fishing is done in water ranging from 12 to 30 feet in depth, 
necessitating long poles that are difficult to handle. 
When removing sponges from the bottom care must be taken not 

to mutilate them. Sometimes they are firmly attached, and the 
sponge hook either fails to dislodge them or tears them in such a way 
that their value is materially reduced. The diver, since he gathers 
them by hand, is able to take most of his sponges in perfect condition. 

‘The sponge as an article of commerce is merely the skeleton of the 
living animal and is of very different appearance than when first 
removed from the water. When first taken, it is a comparatively 
heavy mass of living matter, most of the porousness of the market 
sponge being filled with live animal tissue. The color of live com- 
mercial sponges is usually dark brown or black. 

After the sponges have been taken aboard the deposit boat they 
are laid on deck, where they undergo a three or four day exposure to 
the air to kill all of the living tissue. In this state decomposition 
sets in and some of the liquid organic matter drains away. It is 
advantageous to shade the sponges, or the sun will quickly dry the 
outside skin and render the subsequent cleaning more difficult. 
After sufficient exposure the sponges are beaten with a short heavy 
club to loosen the remaining skin, dead tissue, and foreign matter. 
They are then strung on strong cord and thrown overboard, where 
they are allowed to remain for several days to macerate by the action 
of the tide. Another method of cleansing sponges by tide action is 
to place them in crawls. Crawls are small inclosures made with 
stakes set closely together in shallow water generally very near to 
shore. “Usually on Friday night the vessels run in to the crawls, 
and Saturday is spent in ‘ crawling’ the dead sponges of the recent 
catch and cleaning those deposited on the Saturday previous.” 
(Moore. 
With a dull knife the remaining particles of the outside skin are 

scraped off, and with a stout club the small pieces of shell, coral, and 
other matter, together with the remaining dead tissue, are pounded 
out of the skeleton. Finally, water is taken up and squeezed through 
them a number of times, and after being strung in bunches they are 
ready for the auction market. 

Sheepswool sponges caught on the Key grounds are usually small 
in size and of weak fiber as compared to those taken in the deeper 
water of the bay grounds. Inferior sponges can be distinguished 
readily by the red-brown color of the inner fiber. In some sponges 
this reddening is found only at the root, but in the most inferior it 
penetrates well into the body. The best quality sponges are of a 

grayish hue throughout, although some may show a reddish spot at 

the point of attachment to the ocean bed. The color itself is one of 

the least important factors in determining the value of a sponge, 

however. A fine sponge is determined by the following characteris- 

tics: Size and shape, softness, fineness, toughness and durability, re- 

siliency, and absorptiveness. 
The fishermen sell their catch by the bunch—a piece of cord 43 feet 

in length being strung with sponges placed end to end. As far as 
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practicable, sponges of the same grade and size are bunched together. 
tn order to display them to the best advantage they are dampened 
and laid out on the sponge wharf, where they may be critically 
examined by the buyers. 

The method of selling is rather unique. The auction is carried on 
in comparative silence, as the buyers are men of experience and 
require no advice as to the value of the various lots of sponges. The 
hour before the sale is spent by the buyers in examining the mer- 
chandise and making note of the highest price they will pay per 
bunch for each of the various lots. During the sale the auctioneer 
announces the number of bunches in the lot being offered and re- 
ceives the offer of each bidder written on a small piece of folded 
paper. The highest bidder is awarded the sponges without argu- 
ment, providing the owner considers the amount sufficient. No more 
ceremony enters into a $5,000 sale than in one of $5. The prices paid 
for any one variety of sponge may vary considerably according to 
quality and size. Selecting the extremes, the wide variation of prices 
is illustrated from the following data collected at Key West on 
January 21, 1920, during the morning’s auction sale: 

Sheepswool sponges: One lot of 200 bunches, $1,427; one lot of 
996 bunches, $1,587; one lot of 17 bunches, $12; one lot of 5 bunches, 
$4. The best quality brought $7.134 a bunch for a lot of 200 bunches, 
while the most inferior brought only 70 cents a bunch for a lot of 17 
bunches. A feature of the sale, aside from the several lots of fine 
wool sponges, was the disposal of 9 very large wool sponges for $48, 
or $5.33 a sponge. These sponges were truly as “ large as a bushel 
basket ” and are now quite rare in the market. The highest price 
paid for yellow sponges was 96 cents a bunch for a lot of 49, and the 
lowest price was 56 cents a bunch for a lot of 48 bunches. The only 
lot of grass sponges (5 bunches) sold at 48 cents a bunch. 

After the dealers purchase the sponges they prepare them for the 
market by trimming and shaping and by removing the remaining 
foreign matter which the fishermen did not succeed in beating out. 
The sponges are packed in burlap bales of 15, 30, 50, or 60 pounds 
net weight, and in each bale is placed but one variety and as a rule 
but one grade. Sponges that have large crab or coral holes and 
that are badly torn or otherwise imperfect are cut into smaller 
shapes known as “cuts.” Those that have imperfections but do not 
require cutting are termed “ seconds,” while the whole perfect speci- 
mens are known as “ forms.” 

The production of sponges on the Florida beds has not kept pace 
with the great demand, and the result is that the shallower grounds 
have been greatly depleted and in places completely devastated. This 
has necessitated fishing in deeper and deeper water and has forced 
many of the fishermen to resort to different occupations. This con- 
dition shows clearly that sponges should be allowed to propagate 
under natural conditions, and that they should be fully protected 
by law. 

In 1917 the State of Florida enacted a law requiring that the mini- 
mum size of commercial sponges taken from State waters should be 
not less than 5 inches in horizontal diameter. A few years prior 
to that time the United States Government had enacted a similar law 
with regard to sponges taken from waters under its jurisdiction. 
This law if rigidly enforced should prove beneficial to the sponge 
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industry. The law of Florida prohibits sponge divers from operat- 
ing in State waters. However, most of the divers’ boats fish not 
closer than 9 miles from shore. 

Sponges have been grown by artificial culture * but comparatively 
little has been done in this direction during the past 10 years. 

FLORIDA CONCH. 

The conch of Key West: (Strombus gigas) is a large gastropod 
that is used to a hmited extent as food. It is found in shallow 
water near the shores of the keys and is easily captured with a sponge 
hook or by hand. It is also found in the Bahamas and the West 
Indies. It sometimes attains a length of 1 foot and a weight of 5 
pounds. The animal itself, which averages about 1 pound in weight, 
is incased by a large thick shell. Very often the inner lining of the 
shell is beautifully tinted with pink, and choice specimens are sold 
in local novelty shops for 25 or 50 cents each. When sold as food, 
the flesh of the animal is removed from the shell and for convenience 
in handling is strung on a small stick. It is peddled about the city 
at about 5 cents for each conch. During 1918 about 2,000 pounds, 
worth $100, were sold in Key West. 

The conch requires several hours’ cooking to render it palatable. 
One person in the city prepares a chowder in concentrated form, 
which is preserved in glass jars or friction-top cans. In this form 
small quantities of the preparation are sold by mail. In the West 
Indies and the Bahamas the most desirable parts of the conch shell 
are exported to Europe, where they are utilized by cameo cutters. 
Conchs are plentiful enough to supply the present demand, but the 
supply could easily be depleted by overfishing. 

CLAM INDUSTRY OF SOUTHERN FLORIDA. 

What is probably the largest bed of hard clams in the United 
States is to be found off the southwest coast of Florida, in the region 
of the Ten Thousand Islands. The bed is about 40 miles long and 5 
miles wide and is estimated to contain an area of nearly 150 square 
miles that produces clams. The southern part of this bed is about 
70 miles from Key West and can be reached in less than 24 hours 
with a small sailboat. 

The hard clam is of minor importance in the Key West fisheries 
but of considerable importance on the southwest coast of Florida. 
The small catch landed in Key West is due to the lack of demand 
by the local population rather than to the distance of the clam beds 
from the city. 

Since 1889, at least, Key West boats have made occasional trips for 
clams during the spring, summer, and fall. The journey is seldom 
made during the winter because more profit can be made at that time 
in catching kingfish and spiny lobsters. From 1889 to 1915 the 
annual catch landed in Key West varied from 10,000 to 25,000 clams. 
During 1918 eleven trips were made by two fishermen, who operated 
the only boat engaged in this business. The total catch for the year 
amounted to 38,000 clams. 

8A Practical Method of Sponge Culture. By H. F. Moore. Bulletin, U. S. Bureau of 
Fisheries, Vol. XXVIII, 1908 (1910). B. F. Doc. No. 669. 
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The Florida hard clam (Venus mercenaria mortont) bears a close 
resemblance to the New England quahaug (V. mercenaria). It 
is difficult to separate the two varieties when comparing specimens 
3 or 3$ inches in length, but in general the southern clam attains a 
larger size and has a thicker and heavier shell. It is not unusual to 
find these clams weighing more than 2 pounds each. About 125 
clams of average size fill a 5-peck basket, and as a full basket weighs 
about 125 pounds the average weight of a clam is 1 pound. 

The clams may be divided into three types, although they all be- 
long to one species. There is a thick-lipped type, a thin-lipped type, 
and an intermediate type. The thick-lipped clams are sometimes 
known as “ bullnose,” and are said to be somewhat inferior to the 
thinner-lipped variety. The shell of the thin-lipped clam is some- 
what lighter than that of the “ bullnose,” but it is heavier than the 
shell of the northern quahaug. It is probable that the thickness of 
the shell at the lips is due to some extent to age and retarded growth, 
but the fact remains that small thick-lipped clams may be found in 
places where the clams are scattered, and large thin-lipped ones are 
found where clams of all three types are exceedingly abundant. The 
relative abundance of each type, judged by the averages obtained 
from numerous examinations made in various parts of the great clam 
bed, is as follows: Thick-lipped, 50 per cent; thin-lipped, 30 per 
cent; and intermediate, 20 per cent. The average size of 50 thick- 
lipped and 50 thin-lipped clams selected at random was 33 inches 
for the former and 34 inches for the latter variety. Measurements 
were taken with calipers, the points of which touched the hinge liga- 
ment and the farthest opposite point. Measured in this way about 
95 per cent of the clams, whether dug by hand pickers or dredge, 
ranged between 24 and 5 inches in length. 

Dead clamshells are found almost everywhere on the clam beds. 
In some places they are very abundant, while in others they are 
oceasional. It is said that the clam dredge kills many of the clams, 
but this is improbable for the following reasons: (a) The dead 
shells are found over almost the entire bar; (0) the dredge has 
worked over but a small portion of the clam bar and only in two or 
three restricted localities; (¢) nearly all the shells are unbroken, 
while many of them would likely be mutilated had the dredge been 
responsible; (d) the writer dug several hundred clams in a locality 
where the dredge certainly never had operated and found many dead 
shells; and (@) sometimes a single valve was lying flat on the bottom 
and sometimes the two valves were intact and filled with mud but 
were buried in the same position as when living. 

It is but natural that many clams should die where their numbers 
are vast and when they live in a region almost untouched by man. 
Like all living things, clams must die at some time of old age, if 
for no other reason, and this may be responsible for the presence of 
many dead shells. ‘Sudden changes in the salinity of the water may 
also cause a part of the mortality. Fresh water supplied by the 
numerous small rivers of the Ten Thousand Islands lowers the 
density of the water on the clam bar, particularly during the rainy 
season. This brackish condition of the water is especially suitable 
for the growth of the clams. During the winter, however, when rains 
are very infrequent, the density of the water increases until it is 
equal to that of Key West or other points not affected by fresh water. 
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Fig. 26.—Hook fisherman searching for sponges, aided by a water glass. 
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Fig. 27.—Sponge yard at Key West. showing the sponges drying 
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Fic. 28.—This dredge was used for digging clams along the coast of the Ten Thousand Islands, 
Fla., and until September, 1922, when a second dredge was put in operation, it was the only 
one of its kind in existence. As pictured, the dredge was stationed at Marco for repairs. 

tee 

Fig. 29.—The dock of the Marco clam cannery and freight boat ready to leave for Key West 
with a cargo of canned clam products. At Key West the cases of clams are placed aboard a 
coastwise steamship for delivery in New York. 
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It is believed that long periods of high salinity have a deleterious 
effect on the clams. 

Clams are found in varying abundance from Gullivan’s Bay to 
Shark Point. The bed gradually widens from Coon Key to Pavilion 
Key, and thence continues to Porpoise Point, after which it narrows 
until Shark Point is reached. Below Shark Point the bottom is 
mostly of firm sand and is unsuitable for the growth of clams. 

The clams are very plentiful over a large part of the bed, and no 
difficulty is encountered in finding a suitable locality for digging. 
The areas of greatest abundance occur immediately north to north- 
west of Pavilion Key, between Seminole and Porpoise Points and 
directly off Clam Point. There are places where few or no clams 
are found, and as a rule none are present within a few hundred feet 
of shore. 

The following data will illustrate the general abundance of clams 
in the areas designated. The terms used can be interpreted as fol- 
lows: “ Scattered,’ where not more than five clams per square yard 
are present. “ Fairly abundant,” “abundant,” and “ very abundant,” 
where from more than five tomany clams per square yard are present. 

Coon Key—Two and one-eighth miles southwest of Pyramid 
Light; depth, 4 feet, mean low water. Clams abundant. One mile 
Wsw of Pyramid Light; depth, 44 feet. Bottom of rather firm 
gray mud with scattering shell. No clams found. One-half mile 
SSE. of Pyramid Light; depth, 5 feet. Bottom of sticky mud with 
much eelgrass. Clams very abundant. One-third mile S. by E. of 
Coon Key, within a few hundred feet of Pyramid Light; depth, 4 
feet. Bottom of mud and eelgrass. Clams abundant. One and 
one-fourth miles southeast of Pyramid Light; depth, 6 feet. Bottom 
of shell and hard mud; eelgrass. Clams fairly abundant. One and 
one-half miles southeast of Pyramid Light; depth, 7 feet. Bottom of 
mud and shell; eelgrass. Clams fairly abundant. Two miles south- 
east of Pyramid Light; depth, 7 feet. Bottom soft; broken shell. 
Clams scattered. 

Horse Key.—One mile 8. by W. 4 W. of Horse Key; depth, 7 feet. 
Bottom of rather hard mud and broken shell. Clams scattered. One 
mile W. 4 N. of outer shore of Horse Key. Bottom hard; eelgrass. 
Clams fairly abundant. Directly inshore from the last-mentioned 
locality and 600 feet from the shore of an unnamed island. Bottom 
hard mud and shell. No clams. One-half mile W. by N. of Horse 
Key; depth, 6 feet. Bottom soft mud; eelgrass. Clams scattered. 
Off Horse Key, close to shore; a reef of coon oysters surrounds this 
key and is exposed at low tide. Tests for clams were made several 
hundred feet beyond the reef, but none were found. 

Panther Key—One mile SSW. of Panther Key; depth, 7 feet. 
Bottom hard mud. Clams widely scattered. One-half mile SSW. 
of Panther Key; depth, 6 feet. Bottom rather hard; eelgrass. Clams 
fairly abundant. 
Round Key.—Close to the shore of Round Key very few clams 

were found. Offshore 1 mile clams were abundant. 
Tiger Key—Three-eighths of a mile WSW. of the southeast end 

of Tiger Key; depth, 5 feet. Bottom hard mud. No clams. One- 
half mile S. by W. 2 W. of the southeast end of Tiger Key; depth, 
7 feet. Bottom rather hard mud. Clams fairly abundant. 
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Indian Key.—One and one-fourth miles SE. by E. 4 E. of Indian 
Key; depth, 6 feet. Bottom hard mud. No clams. 

Chokoloskee Pass—One mile WNW. of mouth of pass; depth, 4 
feet. Bottom hard. No clams. Mouth of pass; depth, 14 to 5 feet. 
Places were found with hard bottom and without eelgrass where 
no clams were located. Other places where the bottom was some- 
what softer and on which eelgrass was growing contained an 
abundance of clams. 

Rabbit Key.—One and one-fourth miles NW. by W. of Rabbit 
Key; depth, 6 feet. Bottom. hard with light stratum of silt; eel- 
grass sparse. Clams fairly abundant. One-fourth mile NW. by 
N. of Rabbit Key; depth, 5 feet. Bottom hard. Clams scattered. 
One-eighth mile SW. by W. of north end of Rabbit Key; depth, 
5 feet. Bottom hard mud and broken shell; eelgrass. Clams 
abundant. 

Pavilion Key—Two miles northwest of Pavilion Key; depth, 
44 feet. Bottom varies from hard to rather soft mud; eelgrass. 
Clams abundant. One and one-half miles NW. by N. of Pavilion 
Key lies a bar 1 mile long and one-half mile wide which contains 
clams in great abundance. The depth of water varies from 1 to 3 
feet, mean ebb tide, and clams can be dug by hand during low tide. 
The bottom is of sticky mud and eelgrass, which easily bears the 
weight of a person. One mile N. 4 W. of the north end of Pavilion 
Key. In this general locality the clam dredge has been working 
for several years. Although thousands of bushels of clams have 
been dug, they appear to be abundant still. One-half mile west 
of the center of Pavilion Key; depth, 5 feet. Bottom hard. No 
clams. One and one-half miles southeast of Pavilion Key; depth, 5 
feet. Bottom hard with light stratum of silt. Clams very scat- 
tered. Two miles southeast of Pavilion Key; depth, 7 feet. Bottom 
hard, with stratum of silt. Clams fairly abundant. Two and one- 
half miles southeast of Pavilion Key; depth, 7 feet. Bottom rather 
hard with stratum of silt; eelgrass. Clams abundant. 

Clam Point—One mile WSW. of Clam Point; depth, 6 feet. 
Bottom rather hard with stratum of silt; eelgrass. Clams abundant. 
In and about the shore of Clam Point clams are very abundant. 
The bottom is of sticky mud and eelgrass. At low tide parts of 
the bar are almost uncovered and the clams can easily be dug 
by hand. Here the writer obtained 200 clams in 1 hour with but 
little effort. 

Turkey Key.—One-half mile WNW. of Turkey Key; depth, 5 
feet. Bottom sticky mud; eelgrass. Clams abundant. 

Seminole Point—One-half mile southwest of Seminole Point; 
depth, 53 feet. Bottom of firm mud; eelgrass. Clams abundant. 

Alligator Point to Porpoise Point—Clams are very abundant 
nearly everywhere in this territory. An extremely prolific bar lies 
about three-fourths of a mile off Alligator Point, and it is here 
that the Key West boats obtain their clams. A white house, one of 
the few landmarks to be seen on the long stretch of coast adjoin- 
ing the clam bar, is located on Porpvise Point, locally known as 
Wood Key. 

Lossmans River.—One mile SW. 4 W. of the mouth of Lossmans 
River; depth, 2 feet. Bottom of mud, broken shell, and eelgrass. 
Clams fairly abundant. One and one-half and 2 miles southwest 
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of the mouth of Lossmans River; depth, 3 to 7 feet. Bottom rather 

hard mud; small broken shells. Clams widely scattered. Dead 
clamshells were very plentiful. 

Highland Point—One and one-fourth miles southwest of High- 
land Point; depth, 6 feet. Bottom sticky mud; eelgrass. Clams 
abundant. 

Rodgers River—One and one-half miles west of Rodgers River; 
depth, 44 feet. Bottom sandy mud. Clams abundant. Two miles 
southwest of Rodgers River; depth, 5 feet. Bottom sandy mud. 
Clams fairly abundant. 

Shark Point—One mile W. by N. of Shark Point; depth, 54 feet. 
Bottom sticky mud. Clams scattered. Two and one-fourth miles 
SSW. of Shark Point; depth, 5 feet. Bottom hard sand. No clams. 
Along the coast of the Ten Thousand Islands the shore slopes very 

gradually into the Gulf. At 1 mile offshore the depth varies from 
4 to 7 feet at mean low tide, and from there to the 5-mile line the 
slope is about 2 feet per mile. Because of this small depth of water 
the clams can readily be taken over the entire bar. The offshore 
part of the bed, however, has never been worked, for clams are to be 
found in great abundance near shore where the water is very shallow 
and protection is afforded from the sea. 

The bottom of most of the clam bed is of rather firm gray mud, 
on top of which is a stratum of silt several inches in depth. FEel- 
grass thrives in nearly all places where clams are abundant. In 
most places where this grass is absent few or no clams are present. 
Two methods are used in procuring the clams—hand digging and 

dredging. No tongs are used in this region, for the clams are too 
abundant and accessible to require such apparatus. Furthermore, 
the consistency of the soil, which is a sticky mud, would render tong- 
ing difficult. 

Digging clams by hand was the sole method used before the advent 
of the dredge. After the dredge came into use hand digging was 
resorted to from time to time only when the dredge became tempo- 
rarily disabled. From 1919 to 1922 considerable hand digging was 
done owing to frequent breakdowns of the dredge and its inability 
to supply the two canneries with sufficient clams. During this time 
from 10 to 15 diggers were employed. They received 40 cents for a 
5-peck basket*of clams and could dig, according to the individual, 
from 10 to 20 such basketsful a day. 
Hand digging can be done at all times except, perhaps, when the 

tide is at its highest point. The diggers keep pace with the tides, 
working away from shore during the ebb and toward the shore 
during the flood. To work with any degree of comfort, the maxi- 
mum depth of the water should not be much greater than an arm’s 
length. 

The clams are located by wading about in the water, for which 
reason this method is sometimes called “treading clams.” The 
clams are so plentiful that a digger can work within a small area 
for days at a time. When a clam is located with the foot it is 
removed from the mud with a 2-tined fork having a 6-inch handle. 
Each hand digger is equipped with a smali flat-bottom boat, in 
which the clams are deposited after they are dug. The boat is 
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pushed along with one hand and affords a means of balance while 
the operator stoops over to disembed the clams. When a boat be- 
comes loaded, it is poled or pushed to shore, where the clams are 
cached in shallow water to await the arrival of a “run boat,” which 
brings them to the canneries. During the course of a day a hand 
digger makes several trips to shore with clams. 
Dredging is by far the most efficient method of procuring clams. 

The dredge used in the Key West region is of a unique type, one that 
‘is not used in any other part of the world. The first dredge was 
operated about 1905, but some years afterwards it was destroyed 
by fire. Later a new dredge was built and was still in use at the time 
of this writing. In September, 1922, a second dredge was put in 
operation to supply the increasing demands of the canneries. After 
the second dredge began working hand digging ceased entirely, for 
the two dredges have been able to dig sufficient clams to supply all 
demands. The new dredge has not been observed by the author, 
but it is understood that aside from a few improvements it was built 
on the same general plan as the old one, a description of which 
follows. ot. 

In general appearance the dredge resembles a houseboat. It is 
about 90 feet long and 20 feet wide and has two stories. Dividing 
it into thirds, the digger is situated in the middle, the machinery 
and tool room on one end and storage space for the clams on the 
other end. The second story is devoted to sleeping quarters and 
mess room. 

The machinery is gasoline driven, a 36-horsepower engine being 
used, and heavy chain belts drive the various wheels and gears. The 
digger itself is a rather powerful machine. It has 10 rows of teeth, 
each row being separated by a distance of about 2 feet. The teeth are 
detachable in series of two and are attached by bolts to heavy strap 
iron, 18 teeth forming a complete row. The ends of the strap iron 
are attached to the chain belt, which revolves the digger. Each 
tooth when new is 6 inches long and curved, and a complete series 
of 18 digs an area about 6 feet in width. 

The digging apparatus, which resembles a thick rectangular 
figure rounded on each end where the cogwheels are located, is set 
at an angle, allowing one row of teeth to dig at a time. The position 
of the digger is regulated to the depth of water by two heavy 
counterweights, which are placed at.the extreme end of the dredge. 
The clams, soil, etc., are carried up by the curved teeth, and on the 
downward turn they are deposited on a moving wooden escalator 
or conveyor, which is provided with raised strips of wood at con- 
venient intervals to prevent the clams from rolling back into the 
water. This escalator is an unique appliance—it might better be 
called a wooden belt conveyor. That part of the conveyor upon 
which the clams are deposited is under water, so that when the 
clams reach the pickers they are partially cleansed of mud. 

At the top of the wooden conveyor two or more men pick the 
live clams, which are thrown into baskets. One man is employed 
to remove the filled baskets and to replace them with empty ones, 
as the pickers can not move from their positions without missing 
some clams, which would be carried over and into the water by the 
conveyor on its downward turn. When three baskets have been 
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filled they are placed on a small car and rolled to the end of the 
dredge, where they are piled up until transferred to the run boat. 
From two to four men are required to pick the clams from the 

conveyor, which moves at a speed of about 1 foot per second. At 
times a moment will pass when there are no clams, but suddenly a 
dozen or more will appear in a cluster. The pickers are generally 
kept continuously busy, and they are very skilled in picking out the 
live clams from the masses of débris and dead shells. The fact that 
all undesired material is automatically cast back into the water, with- 
out the slightest physical effort, is one of the principles that made 
this type of dredge a success. A full crew consists of a captain, engi- 
neer, cook, rope man, four clam pickers, and one man to care for the 
baskets as they are filled. 

The dredge moves slowly while digging, traveling 1,200 feet in 
about one and one-half hours. This slow movement is accomplished 
by drawing in on a 1,200-foot cable attached to an 800-pound anchor. 
The distance traveled when the full length of the cable has been 
drawn aboard and the dredge reaches the anchor is termed a “run.” 
With the anchor as a center each run of the dredge compares with 
the radius of a circle. Upon the completion of a run the cable is 
released and the dredge drifts back with the wind and the tide, and 
because of their variation the dredge never digs over the same course 
twice except possibly near the anchor where all the radii meet. 
Because of the great abundance of clams it is said that the dredge 
has been able to dig in one locality for several months at a time 
without shifting its anchor. 

It has been claimed that large mounds of mud are left on both 
sides of the strip of bottom that is being dug over, but from the 
mechanism and operation of the machine this would seem very im- 
probable, as the soil is not dumped to one side or the other but is 
merely worked over and deposited again more or less uniformly. 
The teeth of the dredge dig an area about 5 inches deep and nearly 
6 feet wide. As the teeth strike the bottom, part of the muddy soil 
passes through the interspaces, while whatever mud adheres to the 
teeth is partly washed away before it reaches the wooden belt con- 
veyor. The conveyor casts the residue back into the water, breaking 
it up still further before it reaches the bottom, and much of the mud 
settles back evenly on the bottom from which it was taken. For 
this reason it is not believed that clants or other animals are smoth- 
ered by becoming buried beneath a heavy layer of soil and débris. 

The majority of the clams dug by the dredge are from 24 to 5 
inches in size, measured from the hinge ligament to the farthest oppo- 
site point. Very few small clams are dug, but it is possible that they 
pass between the teeth of the dredge or are otherwise lost before 
reaching the wooden conveyor. About 3 per cent of the clams are 
broken by the digger, and are discarded as they would be decomposed 
by the time they reach the canneries. 

The dredge digs from 80 to 120 five-peck baskets of clams on one 
run, and from 350 to 450 baskets during a day. As there are now 
(1923) two dredges in operation, this quantity of clams is utilized 
by each of the two canneries every working day. During 1922 the 
one dredge in operation worked about 300 days, digging continu- 
ously throughout the year except during part of August and Sep- 
tember, which is known as the “ gale season.” 
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During 1918 the dredge dug about 28,000 baskets of clams (35,000 
bushels). In 1919 it dug 34,439 baskets (438,049 bushels) and hand 
pickers dug 4,000 baskets (5,000 bushels), making a total of 48.049 
bushels for this region. In 1922 one dredge dug 112,500 baskets 
(140,625 bushels) ; the new dredge dug about 22,000 baskets (27,500 
bushels) during October, November, and December, and hand pickers 
secured about 30,000 baskets (387,500 bushels) during the year. This 
total of 205,625 bushels is by far the greatest number of clams ever 
taken from the waters of Florida in one year. 

With the exception of the few brought to Key West, all the clams 
dug in this region are utilized by two canneries, one of which is 
located at Marco and the other at Caxambas, Lee County. The 
Marco cannery has an annual capacity of 100,000 cases of clam 
preparations, but the Caxambas factory is somewhat smaller. The 
Marco factory canned to.its full capacity during 1922 and has con- 
tinued to pack 2,000 cases a week up until the time of this writing 
(August, 1923). The following preparations are canned: 

“ Little-neck ” clams.—These clams are not as small as the little- 
neck variety of the North but they usually measure less than 34 
inches from hinge ligament to the farthest opposite point. They are 
packed in No. 1 cans, 2 and 4 dozens to the case, and in No. 2 cans, 
2 dozens to the case. 

“ Steamed” clams.—These are the larger clams, measuring 34 
inches or more, and they are packed in No. 1 and 2 cans, 2 dozens to 
the case. 

Minced clams.—These are the larger clams that have been chopped 
up for use in preparing chowder, soups, fritters, ete. Minced clams 
are packed like “ little necks.” 

Clam chowder.—Minced clams enter into the preparation of clam 
chowder. Most of the vegetables used in gnaking the chowder are 
obtained from New York via Key West. Even the potatoes used 
are shipped from the North, as it is said that the Florida potatoes 
fall to pieces and do not hold their shape when diced and cooked. 

Clam juice, plain—This is the pure liquor of the clam, and it is 
packed in No. 1 cans, 2 and 4 dozens to the case, and in No. 2 cans, 
2 dozens to the case. It is also packed in glass bottles, 1 dozen to the 
case. / 

Clam juice, concentrated—Packed the same as clam juice plain. 
The Marco clam cannery c#mmenced operation in 1909, but was 

replaced by a more modern structure in 1919. The new building is 
constructed of corrugated galvanized iron with a cement floor. 
Within the building has been built a large concrete cistern to hold 
rainwater, which is obtained from the broad expanse of the roof. 
Thus far attempts to locate an adequate and dependable supply of 
good fresh water have met with failure. Considerable water is 
needed to prepare the various clam products, making the conserva- 
tion of the supply furnished by the heavy rains during the summer 
of great importance for the successful operation of the cannery. 

The cannery has been equipped with the most modern and effi- 
cient machinery peculiar to its needs. The general routing of opera- 
tions embraces a good example of straight-line production, as the 
raw material is received at one dock and in the course of prepara- 
tion passes through the building in an undeviating line and is deliv- 
ered at another dock in the form of the finished product, packed 
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and ready for shipment. The various methods of procedure will 
be briefly described. 
‘When the clams are received aboard the run boat from the dredge 

they are deposited in a heap on deck, and the baskets are retained 
by the dredge. The run boat generally starts on the homeward jour- 
ney about midnight, arriving in the vicinity of Marco about day- 
break, and delivery is made early in the morning. A reserve supply 
of clams is rarely kept on hand, and the cannery, therefore, depends 
upon a fresh supply from day to day. 

The population of Marco in 1919 was about 150 persons, and aside 
from a small amount of fishing and hunting the cannery furnished 
the only means of support to the inhabitants. Because of weather 
conditions and an occasional breakdown of the dredge it is never 
certain on which days work will be available, and for this reason as 
soon as a load of clams is sighted from the village the factory whis- 
tle is blown to notify the people that they should come to work. 
When the run boat arrives at the receiving dock, the clams are 

unloaded as quickly as possible. This is accomplished with very lit- 
tle labor by an endless-chain bucket conveyor. The clams are shov- 
eled into a short, heavy, iron chute, which reaches the deck of the 
boat and is adjustable to the stage of the tide. The clams are gath- 
ered up by elongate V-shaped iron buckets and are carried overhead, 
about 10 feet above the dock, where they are deposited in a large 
wire-meshed cylinder set at an incline. The cylinder revolves in a 
tank of water and finally carries the cleansed clams to a chute that 
empties into iron cars similar to those used in oyster canneries. The 
dock is covered with a series of tracks and is equipped with a turn- 
table that makes it possible to turn the cars at right angles when 
necessary. 

Three cars at a time, loaded with clams, are pushed into the in- 
terior of the cannery and placed inside a large iron cylinder. The 
cylinder is then sealed by a massive iron door fitted with heavy lugs, 
after which the steam is turned on in order to kill the clams. The 
clams die quickly and the shells open and lose their liquid contents, 
which collects at the bottom of the long cylinder and is carried away 
by an underground porcelain-lined pipe, emptying into a large gal- 
vanized-iron tank set below the floor’s level in another room. The 
liquid is collected from this tank for use in the various products. 

After the clams are killed the cars containing them are rolled out 
of the cylinder. The meats are then removed from the shells, put 
into buckets, and dumped into a large spray and washing machine, 
which is used to thoroughly cleanse them of grit. The washer con- 
sists of a large cylinder built of heavy mesh galvanized wire, which 
revolves in a tank of water, and it also has a spiral track that 
gradually carries the clams to the exit. Upon leaving the washer the 
clams are deposited through a short chute upon a wide rubber belt 
conveyor, which looks like a table with a moving top. Four operators 
on each side of the conveyor sort the clams. Some of them pick out 
the small white clams while others select the large dark ones. The 
sorted clams are thrust into a short offset spout, placed beside each 
operator, through which they are deposited in buckets beneath. Since 
the clams are used for different preparations, as already explained, 
sorting is necessary. ° 
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Next to the sorting table lies the clam mincer, which is a large food 
chopper operated by electricity. The large dark clams, used for 
chowder and canned minced clams, are minced in this machine. The 
potato peeler is situated next. After peeling, the potatoes are diced 
by hand as are the other vegetables. Onions and seasoning are also 
prepared by hand. 

The various cookers, retorts, filing machines, capping machines, 
etc., are similar to those used in any modern vegetable or fruit can- 
nery. The chowder is cooked in a 400-gallon glass-lined iron cook- 
ing pot and is kept stirred by a glazed propeller that reaches nearly 
to the bottom of the pot. The canned whole clams are cooked in six 
large steam retorts, each of which has a capacity of 900 No. 2 cans. 
After the canned product has been cooled in a tank of water the cans 
are. labeled, packed in boxes, and brought to the opposite end of the 
building for shipment. The cases of clam products leave the cannery 
on a ball-bearing declined roller track which delivers them to a 
freight boat to be carried to Key West for shipment via coastwise 
steamship. 

The State of Florida levies various taxes on the catching and pre- 
paring of clams. Besides a tax of 2 cents per barrel on all clams 
removed from the waters of the State, taxes are payable each year 
on runboats, dredges, process kettles, etc. The shellfish laws are 
published in booklet form, and are obtainable from the shellfish 
commissioner, at Tallahassee, Fla. : 

The clam resources of southern Florida can bear considerably 
more fishing. The chief drawbacks at the present time to the further 
utilization of the product and the expansion of the industry are the 
inaccessibility of the beds to transportation lines and their remote- 
ness from northern markets. 

In the Northeastern States the quahaug has been gradually declin- 
ing in abundance and rising in value. Along our North Atlantic 
coast the small clam beds have been far from adequate to keep pace 
with the ever-increasing demands for this popular mollusk in the 
fresh state. The large clam beds of the Ten Thousand Islands, Fla., 
however, are practically virgin and await development. 
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INTRODUCTION. 

During the fiscal year ended June 30, 1923. the bureau’s fish-cul- 
tural activities were confined necessarily to certain well-established 
fields, it being impossible to extend the work into new territory 
because funds were not available for the purpose. Unless increased 
appropriations are allowed for the propagation and distribution of 
food fishes, the work of the division can hardly be enlarged beyond 
its present limits, and prospects at this time point to a gr adually de- 
clining output. Up to the present time the pre-war record of the 
bureau has been more than maintained without any increase in the 
funds applied to the work. However, this high standard of efficiency 
can not be continued indefinitely in the face of an increase in the cost 
of all materials and labor entering into the work, the prices of 
practically everything used in connection therewith being approxi- 
mately 67 per cent higher than in 1917. ; 

FISHES OF INTERIOR WATERS. 

The demand for fish for stocking interior waters of the country 
increases at the rate of about 10 per cent a year. The value of these 
interior fisheries can hardly be overestimated. They add millions 
of pounds annually to the Nation’s food supply, and in many locali- 
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ties constitute the only source of fresh fish supply available. They 
make possible the extension of the fisheries and the establishment of 
fishing 1n many formerly unproductive waters. They afford a 
splendid means of recreation to millions of people, bringing them 
into contact with the great outdoors. 

The increasing use of the automobile and the fact that almost 
every automobile tourist is a fisherman have had an almost disastrous 
effect on many waters, however. With their existing facilities the 
States have not been able to cope with the situation, but in anticipa- 
tion of future conditions many of them have made preparations for 
a great increase in their operations. In this respect the State of 
North Carolina probably leads. The opening up of its wonderful 
mountain regions through the construction of good roads is sure to 
result in an influx of tourists and the consequent depletion of many 
of its waters unless fish-cultural work is prosecuted on an extensive 
and systematic basis. In recognition of this outlook the State now 
has plans in contemplation for the establishment of a system of 
hatcheries and the enactment and enforcement of adequate fishery 
laws. 

The bureau has taken the lead in fish-cultural work, and the activi- 
ties of the various States along this line have, for the most part, been 
patterned after its work. In many instances the States have suc- 
ceeded with their plans by employing the bureau’s skilled and ex- 
perienced men at higher salaries than the bureau has been able to 
pay. In view of this situation it is felt that the bureau is little 
more than a training school for fish-culturists, and that in turning 
the services of such men over to the States it is doing a public work 
of great value. It is fully recognized that the fish-cultural experience 
of the bureau is for the public benefit. and the results of this ex- 
perience are constantly being disseminated through the issuance of 
reports and bulletins and also in letters on special subjects. 

COMMERCIAL FISH CULTURE. 

While the cultivation of fish for stocking interior waters is an 
important phase of the bureau’s activities, its work in the propa- 
gation and distribution of the so-called commercial fishes has a 
much greater significance so far as its economic value to the country 
is concerned. This work has probably attained its highest efficiency 
on the Pacific coast, and especially in Alaska, where the salmons con- 
stitute one of the most important natural resources. Had it not 
been for the combined efforts of the bureau and the States to con- 
serve this valuable asset, it is probable that its value would by this 
time have declined to a point where it would neither have interested 
the white man as an investment nor served as a means of sustenance 
to the Indian. 

In many instances the spawning beds of the salmon have been 
ruined by logging operations, while in other cases the ascent of the 
salmon to suitable spawning grounds has been cut off by the erection 
of insurmountable power dams. The salmon congregate at the en- 
trance of certain coastal streams at a particular season of the year, 
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and if they find ascent to their natural spawning grounds in the 
headwaters cut off by a barrier, the parent fish die, their eggs are 
wasted, and the supply of salmon is reduced to that extent. 

It is part of the work of the bureau’s hatcheries to seine these 
fish from below the barriers and to remove their eggs and incubate 
them. The vitality and fertility of the salmon egg is wonderful. 
If carefully handled and cared for, approximately 95 per cent of 
them will hatch. The young fish resulting from the eggs are held 
in ponds and troughs in such numbers as is practicable and are fed 
artificially until they have attained a length of 2 or 3 inches, when 
they are liberated. Shortly after liberation they descend to the 
sea and, with the exception of one species, which returns in two 
years, they remain in salt water for four or five years. At the ex- 
piration of that time they seek the headwaters of various coastal 
streams, where they reproduce and then die, completing the life cycle. 
It can readily be seen that hatchery work of this character is of the 
greatest importance if this valuable and extensive industry is to 
be maintained. 

A somewhat different problem is presented by the fishes of the 
Great Lakes and Atlantic coast. Eggs from these valuable com- 
mercial species are taken only from fish caught for the market by 
men employed to go out with the fishing boats and salvage the eggs 
as the fish are removed from the nets. Were it not for this work, 
some three or four billion eggs would be wasted annually, being 
sent to market with the fish and discarded in the process of cleaning. 
This also applies to the shad, herring, and yellow jerch. 

In addition to the work of salvaging eggs for propagation in the 
hatcheries, experienced spawn takers are detailed to accompany the 
offshore fishing fleet operating from Gloucester, Mass., going out 
on the boats for trips of a week or two weeks’ duration. As the 
eggs from such fish as the cod, pollock, and haddock can not be 
held until the return of the vessel, they are carefully removed from 
the fish, fertilized, and planted on the spawning grounds. As in 
the case of the other species, these eggs would be a total loss were’ 
it not for the bureau’s intervention. Being exposed to the attacks 
of natural enemies, the percentage of eggs hatched of those thus 
treated must be far smaller than that attained in the hatcheries, but 
as they can not be handled in hatcheries, because of the inaccessibility 
of the latter, it is believed even the smaller percentage hatched fully 
justifies the time and money expended in the work of fertilizing 
and returning them to the spawning grounds. 

COOPERATION WITH STATES, OTHER FEDERAL AGEN- 
CIES, AND FOREIGN GOVERNMENTS. 

The division of fish culture has pursued its usual policy of working 
in conjunction with the States so far as possible. This cooperation 
consists in the interchange of fish and eggs, distribution of fish, joint 
production of fish, and joint operation of field stations for the collec- 
tion of eggs. Sometimes State authorities are supplied with eggs 
of certain species and in return they fill applications for fish sub- 
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mitted to the bureau. In one or two instances eggs have been pur- 
chased by a State for incubation in the bureau’s hatcheries, but the 
most umportant cooperation is probably in the distribution of fish, 
as it eliminates to a great extent what would otherwise amount to a 
duplication of effort in the stocking of waters. The bureau has 
rendered valuable assistance to the States by lending the services 
of its experienced men to aid in solving their fish-cultural problems 
and to give advice and assistance in the location and establishment 
of hatcheries. 

Such governmental agencies as the Forest, Service, Reclamation 
Service, and National Park Service have been of much assistance 
to the bureau in stocking waters with fish and protecting them. In 
many cases employees of these services have united in: an effort to 
protect the fish hfe of streams and lakes and have assisted in the 
propagation of fish without incurring extra expense to the Govern- 
ment. Through these agencies fish are transported to remote sec-— 
tions of the public forests and parks and released in waters where 
they will be comparatively free from molestation for several years. 
As such waters become stocked the larger fish tend to work down- 
stream, and in this way the stocking of larger bodies of water is 
effected. 

The bureau’s interest in the fish culture of foreign countries has 
not lessened with the passing years. In response to requests sub- 
mitted through the State Department eggs of suitable species have 
been furnished in as liberal numbers as conditions would warrant, 
and exchanges of eggs have been made with Canada to the benefit 
of both countries, since it has been the means of replenishing the 
waters of both with desirable species of fishes not otherwise obtain- 
able. 
During the fiscal year 1923 cooperative fish-cultural operations in 

the waters of Lake Ontario were very satisfactory. The Canadian 
authorities permitted the force of the Cape Vincent (N. Y.) station 
to make collections of whitefish and lake-trout eggs in the Bay of 
(Juinte, and the local fishermen were very glad to assist in the work, 
knowing that the resulting fry would be liberated in Canadian 
waters. It is the opinion of the bureau that much of the success 
attained in the Canadian fisheries is due to past activities of the 
Cape Vincent station. The fisheries of the lake had declined so 
that no eggs whatever were obtainable at any of the commercial 
fisheries, and every year the Cape Vincent hatchery was stocked by 
the transfer of eggs from other stations of the bureau, whitefish 
egos being drawn from Lake Erie and lake-trout eggs from the 
Michigan fields. The bureau is convinced that the upbuilding of 
the Ontario fisheries has been brought about through the persistent 
stocking of the lake through the operations of the Cape Vincent 
hatchery. In recent years the Canadian authorities have generously 
permitted the bureau’s employees to collect spawn in Dominion 
waters, but on the other hand the annual release of several hundred 
million fry from Cape Vincent station in this lake must have been 
a great factor in the upbuilding of the Canadian fisheries. 
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SENTIMENT IN FAVOR OF FISH PROTECTION. 

One of the bureau’s functions has been to impress upon the various 
States having inadequate fishery laws, or none at all, the necessity 
for taking steps to protect the fish life within their boundaries. It 
is felt that the bureau can not afford to make large plants of fish 
in the waters of States that have no laws providing for their pro- 
tection. Such legislation should not only establish an adequate 
closed season so that the fish may spawn without molestation but 
should provide for regulations to cover a bag limit and a»minimum 
size at which fish may be taken. It should rigidly prohibit the 
dumping of refuse in fish-cultural waters, as the presence of waste 
matter drives the fish away, destroys their feeding grounds, and 
makes it difficult ever to restore fishing in waters that have been 
contaminated. 

It is gratifying to note that country clubs and other associations 
throughout the country are taking more interest in protection than 
ever before. In many instances such organizations have leased large 
tracts of land and have incurred considerable expense in stocking 
the waters located thereon. Some have gone so far as to maintain 
small hatcheries, while others have sought the aid of the bureau in 
their fish-cultural ventures, with the understanding that after reserv- 
ing a sufficient supply of the fish produced for their own use the 
remainder will be planted in public waters. 
The effect of the growing sentiment in favor of protection has 

been far-reaching and beneficial. Large numbers of men and women 
in different sections of the country are at the present time forming 
organizations having for their object the adoption of measures for 
adequately conserving natural resources, and the good results of 
their efforts along this line are very apparent. This sentiment in 
favor of the preservation of fish life is probably stronger throughout 
the Mississippi Valley than anywhere else. The people of that sec- 
tion look upon fish conservation as a matter vitally affecting their 
personal interests. A diminishing supply means the cutting off of 
their only means of obtaining fresh fish for food, and they are very 
urgent in their demand that the fishes stranded in landlocked pools 
and lakes in the flooded regions of the Mississippi River be trans- 
ferred to living waters. Before this river became obstructed by 
power dams it constituted a natural fish hatchery for the great 
Middle West, but, as these dams are recognized as a national neces- 
sity, their greater value than the fish life is not questioned. ‘The con- 
struction of the dams has resulted in cutting off the ascent of the fish 
to headwaters and it is thought to be no more than just that fishes 
stranded in the overflowed sections should be rescued and returned 
to the parts of the rivers thus cut off. 

The sentiment in favor of this salvage of fishes from the over- 
flowed lands has become so great that the resources not only of the 
bureau but of the States of Minnesota, Iowa, Wisconsin, and Illinois, 
as well, have been severely taxed in an effort to increase the scope 
of operations. It is estimated that during the fiscal year 1923 ap- 
proximately one million pounds of fish were thus saved from de- 
struction. 
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TABULAR SUMMARIES OF OPERATIONS. 

SPECIES OF FISHES HANDLED. 

The work as conducted during the fiscal year ended June 30, 1923, 
involved 58 species of fish, as indicated in the accompanying list, 
each species listed being the subject of either artificial propagation 
or rescue work. The majority of the fishes rescued from the over- 
flowed regions of the Mississippi River are not distributed but are 
returned to the river. These include some species of the catfishes, 
sunfishes, suckers, carp, and pike. Very few of the commercial 
species are supplied on application. 

LIST OF SPECIES HANDLED. 

THE CATFISHES (SILURIDZ) : 
Blue catfish (Ictalurus furcatus). 
Channel eatfish (Ictalurus punctatus). 
Horned pout, bullhead (Ameiurus nebulosus). 
Mississippi catfish (Ameiurus lacustris). 
Yellow catfish (Ameiurus natalis). 
Black bullhead (Ameiurus melas). 
Mud catfish (Leptops olivaris). 

THE SUCKERS (CATOSTOMIDZ) : 
Mongrel buffalofish (Jetiobus urus). 
Common buffalofish (Jctiobus cyprinella). 
Smallmouth buffalofish (Jctiobus bubalus). 

THE CARPS (CYPRINIDZ) : 
Asiatic carp (Cyprinus carpio). 

THE SHADS AND HERRINGS (CLUPEIDZ) : 
Shad (Alosa sapidissima). F 
Glut herring (Pomolobus estivalis). 
Skipjack (Pomolobus chrysochloris). 

THE SALMONS, TROUTS, WHITEFISHES, ETC. (SALMONID) : 
Common whitefishes (Coregonus albus and C. clupeaformis). 
Pilot fish (Coregonus quadrilateralis). 
Cisco (chiefly Leucichthys artedi). 
Chinook salmon, king salmon, quinnat salmon (Oncorhynchus tschawytscha). 
Chum salmon, dog salmon (Oncorhynchus keta). 
Humpback salmon, pink salmon (Oncorhynchus gorbuscha). 
Silver salmon, coho salmon (Oncorhynchus kisutch). 
Sockeye salmon, blueback salmon, redfish (Oncorhynchus nerka). 
Steelhead salmon (Salmo gairdneri). 
Atlantic salmon (Salmo salar). 
Landlocked salmon (Salmo sebago). 
Rainbow trout (Salmo shasta). 
Black-spotted trout, redthroat trout (Salmo lewisi). 
Loch Leven trout (Salmo levenensis). 
Lake trout, Mackinaw trout (Cristovomer namaycush). 
Brook trout (Salvelinus fontinalis). 

THE SMELTS (OSMERIDZ) : 
Smelt (Osmerus mordaz). 
Wilton smelt (Osmerus mordaxr spectrum). 

THE PIKES (LUCIID) : 
Little pickerel (Lucius vermiculatus). 
Common pickerel (Lucius lucius). 

THE MACKERELS (SCOMBRIDZ2) : 
Mackerel (Scomber scombrus). 
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THE SUNFISHES, BLACK BASSES, AND CRAPPIES (CENTRARCHID) : 
Crappies (Pomozis annularis and P. sparoides). 
Largemouth black bass (Micropterus salmoides). 
Smallmouth black bass (Jlicropterus dolomieu). 
Rock bass (Ambloplites rupestris). 
Warmouth bass, goggle-eye (Chenobryttus gulosus). 
Green sunfish (Apomotis cyanellus). 
Red-breasted bream (Lepomis auritus). 
Bluegill sunfish (Lepomis pallidus). 
Long-eared sunfish (Lepomis megalotis). 
Common sunfish (Hupomotis gibbosus). 

THE PERCHES (PERCID2) : 
Pike perch (Stizostedion vitreum). 
Sauger (Stizostedion canadense). 
Yellow perch (Perca flavescens). 

THE SEA BASSES (SERRANIDZ) : 
White bass (Roccus chrysops). 
White perch (Morone americana). 
Sea bass (Centropristes striatus). 

THE PORGIES (SPARIDZ) : 
Scup, scuppaug (Stenotomus 

THE DRUMS (SCLENID2): 

chrysops). 

Fresh-water drum. lake sheepshead (Aplodinotus grunniens). 
THE cops (GADIDZ): 

Cod (Gadus callarias). 
Haddock (JMelanogrammus «€ 
Pollock (Pollachius virens). 

glefinus ). 

THE FLOUNDERS (PLEURONECTID) : 
Winter flounder, American flatfish (Pseuwdopleuronectes americanus). 

OUTPUT. 

9 

The combined work of the fish-cultural stations and the rescue 
crews during the year resulted in a gross output of 4,315,857,725 eggs, 
fry, and fingerling fish for distribution. Losses in transportation 
amounted to 998,696, leaving a net total of 4,314,859,029 fish and eggs 
actually distributed. 

Summary, by species, of net output of fish and fish eggs, fiscal year 1923. 

Species. Eggs Fry Fingerlings. Total. 

1 i ag al rts Sek US ea full) oe ae age oe irl epee ee eee ss hal ND See Le Mh 37, 092, 979 37, 092, 979 
PTLEE AI OLS 2 3 tren nae ar eee 163, 169, 500 5, 925, 000 9, 429, 838 178, 524, 338 
ONY tae ee Ey oe” she see Bae Oe SU ESE RL ae 29, 000, 000 115, 000, 000 14, 226, 110 158, 226, 110 
SSAC ne eee eee ey Ae SSS) EAN aie =e oe NGO OUD Sees ee Se een 16, 971, 000 
CHOP hermin ch) seen ey wet dae olga He Re ey, 150100040008 22. 2a Rae 150, 000, 000 
Wa ebR PERU yon es Laat Age ER aE 32553 apts. 148, 041, 000 208, 675, 000 3, 000 356, 719, 000 
BSc. Sede eT | 4 A, SESS Ber w ieting 10, 000, 000 SO NOPOAGDO | pute hie es 49, 000, 000 
Ghinbok salmon Lee eT) es oe 4, 205, 000 720, 000 28, 965, 045 33, 890, 045 
Chum salmon_._-__-_- SS Sipe PERSE ed et ee alse = oe 8, 274, 830 14, 997, 900 23, 272, 730 
ROUTE ISACR: SALON ea) Ns ah Be a ee ae are 396, 950 1, 915, 435 2, 312, 385 
SRremsnimons «fe. | ees ee de 100, 000 8, 371, 025 5, 910, 630 14, 381, 655 
S | 10, 678, 400 | 31, 582, 000 50, 949, 400 93, 209, 800 

1, 744, 000 | 275, 000 5, 339, 005 7, 358, 005 
by yey J tuys _ oe 451, 000 40, 038 491, 038 

76, 872 727, 670 92, 800 897, 342 
2, 689, 960 754, 000 3, 408, 159 6, 852, 119 

10, 127, 100 2, 160, 100 1, 492, 700 13, 779, 900 
weil wee So lye RR ys bees 5 Wy 43, 800 43, 800 

7, 253, 300 34, 748, 415 232, O80 42, 233, 795 
725, 300 2, 841, 400 8, 477, 250 12, 048, 950 

16, 280, 000 OBI OOOH| =r Se 44, 280, 000 
PARGANICN DICK ATO ire sae tee bo Ne hiss eh Le BPN lees: es a be 905, 395 905, 395 
On Va) 117 ey ee po oid De So ee ees a 0,2) | ape Rae 2 5 aA De 35, 602, 522 35, 602, 522 
Largemouth black Ipasiseese a) fee waves hid pv [abate Sk... Hate ieee 806, 500 1, 342, 349 2, 148, 849 
EP SEIOULLED DLA CRa Descent ee ee Pee er Pe A iiterer-t ere eee 449, 400 79, 007 528, 407 
EOCENE EERE ree OE Ds tin bin 9s AN le ER 2 Heh we PML oe Do we a le 64, 035 64, 035 
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Summary, by species, of net output of fish and fish eggs, fiscal year 1928—Con. 

Species, Eggs. Fry. Fingerlings. Total, 

IVT O UG TO ASS 2s Ie US Nae Sah PORN| UD Uy ld ee EG [eA Ee Le | 8, 350 | 8, 350 
SS URINE S 0) 2G EE Maps URS IDOE SINE Wie OI pees ES aa NPN IN tae PNAS RPE 26, 854, 257 26, 854, 257 
Pike iperehg oe ee ON Nace: 87, 275, 000 Gd+o00, OOO Mi sy es 100, 640, 000 
MAC OWADERGO Ee 2) se Be Me Ale ay EN es al 3, 680, 000 136, 325, 000 936, 295 140, 941, 295 
NYA T/ACUU ATE OFS) Cl a ee ae ie a A ral 2,2 re an ae SO Nh | years CARSALES Ut corks Bye | ata Le RL PED 675 675 
SUniped (hass Gere hs oc tkes yap tak lle it ah ED ONY TEiS4h OOOM eb iis eet 16, 341, 000 
Wihite bases. cue se et CC OL ae Oa wat eee Les [RR cheer eanen L 40, 085 | 40, 085 
IDresh-=water Grimes eit Sewer Rk AYER eS eR eS eS EE Sela Ree | 49, 026 49, 026 
a ee Sey ANIL I FS ROR Ea | 650, 980, 000 SOLS To O00 | eetee copetiaa abies 1, 027, 793, 000 
ad docks: Sale 4 hie nee tn eur ky ae Tah. nig 104, 400, 000 2, 960, OOO Meas EN | 107, 360, 000 
HS 0} 0 (ofc) che een ene Bd ns 5 Ce Re SANGO TRE RDN 33, 960, 000 276, 098, ODOM Aveo eC ae 310, 058, 000 
TEU oy rae Vj la ET ee 8 ER NN Cul CaN Ad 229, 345, 000 Te O58. SL O00) seen eee ee oe 1, 258, 126, 000 
IMiscellaneouSifish esky wera 5 20. Piet: |S hee a Be eee et eee 15, 818, 142 | 15, 818, 142 

“ARVO Hee HSU SRR ES UE EC LR 1, 463, 730, 432 2, 586, 812,290 | 264, 316, 307 | 4,314, 859, 029 

EGG COLLECTIONS. 

The bureau’s principal source of egg supply is the commercial 
fisheries, where vast numbers of eggs of valuable fishes would an- 
nually be wasted were it not for the bureau’s work. In most in- 
stances they are transported to the hatcheries for incubation; but in 
the case of the offshore fisheries on the New England coast the 
spawn takers sent out to salvage the eggs fertilize and plant them 
on the spawning grounds, as it is impracticable to hold the spawn 
until the vessels return to port. In some cases eggs are taken from 
fish caught in nets and traps and are artificially impregnated and 
incubated 3 in the hatchery, this being done to insure a higher degree 
of fertility than would be possible under natural conditions. of 
spawning. 
A decrease of approximately 991,000,000 is shown in the total egg 

collections as compared with those of ‘the previous year. This de- 
crease is explained partly by the prevalence of unfavorable weather 
during the spawning season of some of the Gehes | handled, and 
partly by lack of funds necessary to take full advantage of the 
opportunities for obtaining eggs in one or two instances. 

Comparison of egg collections, fiscal years 1923 and 1922. 

| 
Species. | 1923 1922 Species. 1923 1922 

BWMtralofishy, ose h | 179, 173, 600 199, 906, 250 || och Leven trout__- 98, 130 109, 870 
(0 gS cid oa a A a 160, 500, 000 98, 000, 000 |} Lake trout__-------- 77, 775, 890 67, 426, 500 
pela eset 2 AEE Spt Ae 17, 877, 000 82, 579, 000. || Brook trout____----- 19, 109, 040 17, 986, 250 
Giutherring. 2 satya | $313, 422, 620 11.6) 920000) Selb Sane VPs Cee 42, 000, 000 390, 000 
Whitefish. _____- EE ita 7 oy 40754010) 0) G23 5TOOKCOOM | Mie kernel 2250 ae eae ae eee | 2, 022, 000 
CISCO NEE Sr as | 76, 800, 000 429, 900, 000 || Pike perch_--------- 230, 040, 000 254, 717, 5CO 
BOG aEES HAS rah INS tae ZOD VO0O Hoe Base eee || Yellow perch_____--- 151, 010,000 | = 277, 501, 870 
Chinook salmon_____ | 30, 889, 000 64, 756, 100 || Striped bass____-_--- 22, 084, 000 | 48, 745, 000 
Chum salmon______- | 26, 513, 500 22. 830 NG0O0)s sear Dass sca ~ JUNE a ML Ae erase | 32, 000 
Humpback salmon __ 1, 099, 200 1 A220000G | hS CUD? Saws ieee IE ee etd MU hla 3, 425, 000 
Silver salmon_______- H 15, 159, 800 137 G1 500M ROOGMe ass saa eee ses 1, 279, 709, 000 | 587, 426, 000 
Sockeye salmon_____ 97, 886, 000 118, O14 350ulWeaddocks 220.3 eee" 109, 220,000 > 543, 110, 000 
Steelhead salmon____ 7, 946, 300 302, SOONinE OlOCKwia sel Jab 420, 536,000 | 507, 270, 000 
UNM nak CCucpeNboator ate Ae IU ANE Nh el A 572, 040 || Winter flounder ---_- 1, 391, 411, 000 | 2,312, 029, 000 
Landlocked saimon__ 852, 350 | 445, OOORH Pole foumderses sas Sibu wes A uate 5, 090, 000 
Rainbow trout_____- 11, 488, 410 11, 210, 560 
Black-spotted trout. - 16, 655, 820 9, 220, 300 Total sssatenses 5, 487, 057,660 | 6, 42%, 487, 830 
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FISH-RESCUE WORK. 

The 
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part of the bureau’s work dealing with the salvaging of 
stranded food fishes from the overflowed lands along the Mississippi 
River showed a considerable decrease in results as compared with 
that of 1922. The following table indicates by localities and species 
the total numbers of fish salvaged, the numbers restored to original 
waters, and the numbers delivered to applicants. The summary 

also shows the total numbers of each species handled in all fields 
and returned to native waters, and the total deliveries of rescued 
fishes to applicants. 

Number and disposition of fish rescued, fiscal year 1923. 

p Restored to $ F Delivered to we 
Station and species. = original Total. 

applicants. saan 

Homer, Minn.: 
BAGS aS Ee 24 ie i ys ed ee ee 48, 315 78, 715 127, 030 
TES TPMT ENA goes Rea ak 6 lh eal ga AR athe ele a RE Fl Beate eye ed 24, 593 24, 593 
(Civiya) aie ee Sy RENE © : 51 Rath a A ep rere pee ee eee 1, 008, 875 1, 008, 875 
Ely thle tae ot 08 ee ee Tae Pe ahs ae ee Ces & 48, 525 | 5, 803, 030 5, 851, 555 
KOT Piero ee nn emcee Se ect 47, 800 10, 995, 470 11, 043, 270 
Loln sith Ble. 551k eee ey 2 a ae EN Pe ee ee ree Thee sh ake ee see os 18, 950 18, 950 
niretristGl oT OKC Gp bs ose eens ae ey 8 Aw se ee | 311, 710 311, 710 
BOER epasceet tes SALE Ee Nt Ta hy Pe a ee Oe Ee 1, 010 1,010 
yeu Saye Sa tnt OI GE oe PS eS ds bh 31, 830 7, 810, 430 7, 842, 260 
ATURE OEISTS Co oo ape ag AI a ROP "ae ST id re eo A LA tel EB dln | 20, 580 20, 580 
RiGlore paigetc! ee ee ee See Ro ee ee ERs oe eee ee 11, 350 | 518, 490 529, 840 
MiSPellATICOUISH Soe 5 lw tl eg NOI hy ee ae a a ge a Se 534, 900 534, 900 

DR east ay ee we a PR ET 187,820] = 27,126; 753 27, 314, 573 

Bellevue, Iowa: 
PRAGA ASSs Ses eae ke. 1 Ae ee a ee a 52, 495 | 20, 735 73, 230 
Ee ROUSN eee es en ee ee ee ee 150 5, 590, 900 5, 591, 050 
Ce Fp ara ae er ae see 290 7, 243, 830 7, 244, 120 
GSES spe Ra se FET SE Li YS res Whee Ee La 75, 855 4, 387, 225 4, 463, 080 
nes See Se ae a eee eee | Me eens aes ae a ea 1, 449 | 6, 651, 926 6, 653, 375 
Dae Se Se Bek SE ari Ss Pe Ae anes See yee eg re) (pe SCE ae we rane oe 194 194 
ECS ANG ICRerele s.r ms enw eS SL Ae ee 160 21, 110 21, 270 
SPST S| tee o's! 9) CRED | Cee ARS Dae’ Seer a ere 10, 058 2, 639, 635 2, 649, 693 
VVGNHTTG)EULD Ja 25 fee Sige Ra Es ea A WR PRS reer RO eC 80 
VSP ewok ek i SP ER A 2, 281 2, 281 
VTi Raila at SS Se ee ee ae eee eee 1, 950 3, 930 5, 880 
TVEISCOL BOO EL chs sh Re ee 740 7, 837, 392 7, 838, 132 

Ai os Bt RBS ge) Se ne eee ee ee 143,227 | 34,399, 158 34, 542, 385 

La Crosse, Wis.: 
PERCE ASS aes ee Dp ae nee els 131, 545 79, 195 210, 740 
ESTATE USE aes tn oe SEO ah 2 ig Ba 480 | 2, 799, 655 2, 800, 135 
(fit j lee A BT ee ae an ae Se ee eee ae Se 176 | 4, 715, 154 4, 715, 330 
RSS T= oh oe CSE OW A ae se oe ae 53, 030 18, 905, 345 18, 958, 375 
O25 65 0) Ce eg Se) SE DN SAE oS ee ee a 33,135 | 18, 488, 460 13, 521, 595 
iDy je cas eee? OT Ee oes I 1 2 ee een re oe | 1, 185 150 1 335 
AKG Td DICKenCHT matte MEE ES Ne ee fee eee ES eal 484, 815 484, 815 
SBTs TOTP aatiSS ame eres Se eh A 4 ay VO Lae, Ny earn 94 
Bye eS G RS ED Rte ete 2 «rae tee ee a eS } 11, 474, 150 11, 495, 340 
White bass_._- 7, 002 | 7, 002 
BYAUO Ws DELCLP es set ORO fille) 28 ee ! 340, 385 346, 315 
VES CCHS EGUS se Seem ine: rae mane TER aetna te an eho |h ns hake 5, 841, 300 5, 841, 300 

Abn): | OER aR? Joa. tie TR Tea: Dat eRe es a 246, 765 58, 135, 611 58, 382, 376 

Marquette, Iowa: 
SIRE ASS.) Tey oe he Ca eee ce te 61, 420 33, 135 | 94, 555 
hehe tes ivi h] Tae” FAN wl BN) Ne ls Semaine PO De Senn nr nae 90 473, 400 | 473, 490 
Carp See." SS eS Be ae eee eres 75 896, 600 | 896, 675 
RUPRATIS EL eo eee PEED RGD go i ek oe 28, 204 5, 722, 046 | 5, 750, 250 
Gee cee” | RES CLE aie a eee eee 347, 100 3, 273, 500 | 3, 620, 600 
Bor gl eee ee Te se Ra: fn ee SY AR Se PR ne Se ee 16, 100 | 16, 100 
Pike and pickerel re aR A ay rst ra Ia i Le Nees 2 | 70, 850 | 70, 850 
iain’ | aren seme Ber hne (8s 8 eR 300 | 300 
Baath: bse Bicine ee a ieee OR 5, 660. | 2, 292, 130 2, 297, 790 
EAIGE DASS. see eee ee Se eer 5 ee. RTE ee | 1, 200 1, 200 
MSO Ws DOTCH - 29.5 o ee antares LRRD ES ee be 5, 545 | 44, 460 50, 005 
SCRMATICOUIS 1.>. Seeetine ma ntabne 28 fs 8 os eee Sere ee! 369, 755 369, 755 

Dif 11k Se RS Be i FE STs ares ee Sd i as Net CO 448,094 | 13,193,476 13, 641, 570 
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Number and disposition of fish rescued, fiscal year 1923—Continued. 

Delivered to Restored to 
Station and species. : original Total. applicants. Srnterdl 

Rock Island, Il: 
Black: tds 305) DON COT CL SASF EE oe | Sie ee ee 5, 125 5, 125 
VEAGYE EA Co] elt sine ofl BUUREN SERPS IESE URSA Ea Mere Wess fe yay CeIS TSN ove MAE a ALAS 2 a 105, 595 105, 595 
(OEE 2 cn ab St ec INES kala las temas Spc aed He ag Ua eh AN at pas crest al pare gu 330, 280 330, 280 
Watfish 258. Oe Ae d Bu ew eae) | icy inet eh ay eal Se a ee ed ep eae 784, 090 784, 090 
CFE Oy 0) eg eee RIT Pe ek GUS AAI UEC ANS EO ORE SN NE 348, 212 348, 212 
LDS pce VS Pes Se EIR Big TE AB ee 9 pig 9 6 T8 RI RD A aa BG eri IE Si BB | 222 222 
Pike faridimickerel ise tek oC Na NEL TNS 1 1 OH A 16, 690 16, 690 
Bumnishee 8 oka Se Se Ne | Sa eS 691, 765 691, 765 
NWVahii ep asset ee PMS aria Noe eG et eee Se Ne UP 777 777 
Mellow, perchy 4. 4 satyiy is Seo Ve Ne i hg  ay i aes 4, 525 4, 525 
Miscellaneous 886, 055 886, 055 

PUNO TEA) St See Oa SL PE SRI A IS SG NS a COR 3, 178, 336 3, 173, 336 

Baton Rouge, La.: 
BS trite ofis hh yeh URS ER ee ees Seek ihe Ad tee ee a ee 2 ae 4, 750 4, 750 
CORES) ae eater SEN ae, CREED PRS Spel GEES Riel LUIS 2 PINT pm gD A OS Pegs apn ee NP ee 885 885 
@abfish ss oC eee oe TN a A RRR Ee en See 275 705 980 
Crapper Muntele ee oC ee A TS Se eee 2, 572 8, 028 10, 600 

Pe DU am SeetOa Pa SN 2 CURSE TS YL SOAS a eve, yee et SUL 500 4, 000 4, 500 
SUITE ST We Pe PE eg I EC NI a ES Sa 3, 700 10, 000 13, 700 
Woinite Dass: Gren. WUNy bse ot CU EU ee os oe 100 325 425 
INiscellaneonSe 2s ar 2s Stee ae SNe. Be ee Le Sees pe ae gee 188, 000 188, 000 

C1 BPO) 65) Lalas Ph SISA 2 ee ao Br bdo ge a mL SR Ei 7, 147 216, 693 223, 840 

Simmesport, La.: 
Blacks bass s Aim A ei 08) eee Eo ek PAN Wh Bah a 239 
Buffalofish 22, 550 22, 550 
Catfish 1, 298 1, 298 
Sai eee SG tay eee pee eee ee i eee ee 130 130 
Crappie 4, 225 4, 725 
PD rar be ie WANT SSC Re a ee eo tk TE 7, 725 7, 725 
Pike and pickerel 60 60 
Sunfish 2, 325 3, 400 
White bass 5, 170 5, 170 
Miscellaneous 192, 500 192, 500 

ADM S07 Ua Re SC Ee ee a he oe 1,814 235, 983 237, 797 

Friar Point, Miss.: ; 
(ERICK: ASS 5 2eUt hia 2 CRAY OUT eae haat ne ear ict 6, 520 440 6, 960 
IEhU Hause Coy ats) oy Mle La Ue OT ce aes a ee ee 20 88, 480 88, 500 
COE oy of A eee oe ela a in oUt POU ESN SACU eo ELE NOL OO 300 300 
ATES Fa a a EN Dee Sy a ER ME le BE 3, 525 310, 760 314, 285 
(Oye oy a) Cele We Het A ee Le eee meee en erence a 1, 420 6, 979 8, 399 
VOCED ASS oe BAe COR ey PE ENA CDN ey ea hae 600 1, 545 2,145 
PHOT aT ARS) oh gee el Wa) ye scams ae wale oe Da aes acon 2; AU eo Sha ee, Sa a 117, 700 1, 103, 300 1, 221, 000 
NWVETET RESID ASS He pene Ale PSN tes ee EY se i ete Te ee le 2, 650 2, 650 

FOG puis ees yee eM PR DUBE A AOA AG i Me NE es Se 129, 785 1, 514, 454 1, 644, 239 

Fairport, lowa, and substations: 
ESTE CWE 1 SS 2 c6 SOE ele a RR I Lal 8 aly eae alee ol Se ks aa 8, 160 8, 160 
LED u ORIG aT awe At ae BS be ES ye eee Se a ae eee 96, 575 96, 575 
Carpe. UDE eer PA MIE 1 1 AEE RES ED SL SPU He SR LY 29, 565 29, 565 
Wat his tae oi Mele Va aA Reel IN eM tee ER i a 300 208, 895 209, 195 
(Eyre) 0) (Pets fee EU Spey LUPE RLY Weal ene Pe A ee eke 78, 590 78, 590 
FS]O a8 C} oleetbegy Met oe ET OU ah TATA raved opener ese ced aca Parlay c ito | penn): ah con eA 8 205, 630 205, 630 
IVINS Celik ATIC OUISe: © eh BLAM A GRID BSNL ag ah NL gee en are 11, 200 11, 260 

AP Otay i) SMO ny oo RN Sle oN eel ee 300 638, 615 638, 915 

Summary by stations: 
(0) 2.012) of a MRA YS US ARR SH et k= ap RB ATS Spe Tela en 187, 820 27, 126, 753 27, 314, 573 

18 e3UKSh 9g WCRI ah Tipe aca I aN 148, 227 34, 399, 158 34, 542, 385 
AUN Cra 7e EIR SA OE i Be TaD TS RAN NN AAU a 246, 765 58, 135, 611 58, 382, 376 
MVEA TTOT Ue ee Ne 8 aN na SN i Cota eae ae 448, 094 13, 193, 476 13, 641, 570 
VOC RS USL chy GNSS aeeu et ss AON PT ee SN i ae 3, 173, 336 3, 173, 336 
SAVOT ROU CHa ROR By ooo Nea ass te eases es 7, 147 716, 693 723, 840 
Simmesport le ey eels he eae le ee eee 1, 814 235, 983 237, 797 
RE Tass SE OUT gree ee age 2 8 TB al 129, 785 1, 514, 454 1, 644, 239 
DE EMA TST OY Ties ecg pee MS OD I ol 300 638, 615 638, 915 

ES DCO rf 28 aa LR eR aN UNE pa 1, 164, 952 138, 634, 079 139, 799, 031 
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Number and disposition of fish rescued, fiscal year 1923—Continued. 

Station and species. 

Summary. by species: 
inGRe DAssae che er Ue ee AE 2 eee 
Buffalofish 

White bass 

| Pi Restored to 
Delivered to ea 
applicants. crew Total. 

300, 534 225, 505 526, 039 
740 9, 206, 498 9, 207, 238 
541 14, 225, 619 14, 226, 160 

209, 714 36, 123, 394 36, 333, 108 
433, 976 34, 855, 390 35, 289, 366 

1, 685 47, 341 49, 026 
160 905, 235 905, 395 
600 2, 855 3, 455 

U7 LE os ee 94 
191, 213 26, 229, 365 26, 420, 578 

SOUR ee 80 
100 39, 985 40, 085 

24,775 911, 790 936, 565 
740 15, 861, 102 15, 861, 842 

1, 164, 952 138, 634, 079 139, 799, 031 

STATIONS AND SUBSTATIONS AND OUTPUT OF EACH. 

During the fiscal year 1923 fish-cultural operations were conducted 
at 37 main stations and 34 substations, though at several of these 
work was confined principally to the rescue of stranded fishes from 
overflowed lands. The following table lists the main stations in 
alphabetical order, each of them being followed by its auxiliary 
substations, and includes the period of operation at each point and 
the number of eggs, fry, and fingerling fish distributed. 

Stations and substations operated and output of each, fiscal year 1923. 

{Asterisk (*) indicates that additional eggs were transferred to other stations for convenience in handling. 
See table, p. 17.] 

| 

Station and substation. 

} 

Afognak, Alaska_______ 

Species. Eggs. 

Humpback salmon_______ 
| Sockeye salmon_-_________ 

Bard Calif.) oe co. 
Battle Ureek, Calif. |- 
Mill Creek, Calif__|_ 

Baker Lake, Wash___-_ 
Birdsview, Wash__| 

Duckabush, Wash_ 

Quilcene, Wash___} 

Sultan, Wash 

Berkshire, Mass 

Boothbay Harbor, Me_. 
Bozeman, Mont__-_____ 

Glacier Park, 
Mont. 

Meadow 
Mont. 

Yellowstone, Wyo- 

Creek, 

Chinook salmon_________- 

Sockeye salmon 
Chinook salmon__________ 
Humpback salmon_______ 
Silver salmon 
Sockeye salmon_________- 
Steelhead salmon________- 

Humpback salmon__--_-__- 
Silver salmon 

15! -(670) “ori 010 | eae AN 
Pike perch 
Rainbow trout____._.___- 
Mlounider =) 1 Fae 
Black-spotted trout 
IBROORSIOMN = se ee ee ak 

Black-spotted trout ______ 
Rainbow trout-_______.__- 

*8, 687, 400 

Fingerlings, 
Fry. yearlings, Total. 

and adults. 

Pesci" ate The 240, 000 240, 000 
15, 882, 000 | 30, 451, 000 57, 011, 400 

PRET RES gee 1, 466, 000 1, 466, 000 
ajo) pepe reek ora 1, 587, 500 1, 587, 500 

[oo eis» 2 Seah 750, 900 750, 900 
14, 200, 000 975, 000 15, 175, 000 

steele 2 candaye) Fyn 300, 445 300, 445 
selet Coie Eee 188, 645 188, 645 

5, 977, 025 1, 227, 470 7, 304, 495 
|S See ae 29, 000 29, 000 
[£222 rere 285, 305 285, 305 

5, 545, 250 8, 645, 400 14, 190, 650 
Rbrssyeae ciciihe 289, 310 289, 310 
fed Peed age a sad ee ee 139, 445 139, 445 

2, 729, 580 | 6, 000, 000 8, 729, 580 
eee Le Cal 1, 483, 790 1, 483, 790 
ne Sa eee Hei 752, 275 752, 275 
Le TS x sete 545, 555 545, 555 

2, 394, 000 799, 000 3, 193, 000 
eae oS 2) Fuge 207, 800 207, 800 
sae Sula oF be its 238, 500 238, 500 

AS5F OOO 485, 000 
eT cas Arie 30, 900 30, 900 

8661800; OOO} }22 2... 2 | 866, 800, 000 
25, 000 825, 500 900, 500 

312, 500 594, 450 906, 950 
PULSE ARAL PY seen ORY e, 131, 100 156, 100 
Yeas to Cie tcl | Lee a a 1, 389, 700 
Benes es 165, 000 165, 000 

50, 000 50, 0CO 
275, 000 131, 500 | 406, 5CO 

1)'8 703,100) | 22. See 10, 657, 500 
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Stations and substations operated and output of each, fiscal year 1923—Con. 

Fingerlings, 
Station and substation. Species. Eggs. Fry. yearlings, 

and adults. 

Cape Vincent, N. Y___| Brook trout_.._.______--_ Jie eae eo el 445,000) |. -- fees 
Cisco SRE ayn IEE os ee ae) 10, 000, 000 39:'0005 000/235 Sass 
Lake {gout 2 eee ee eS *490, 000 600% OOO, eens aerate es 
IPI RC Mei pe Haier. SA SUA Ug ner 600" 000),) sree er: 
Rainbow trout-_---_------ jee te Se ee 69: 0008 Sxe= Saee 
Win benish Rees 2h a *78, 201, 000 85:3370,/ 000) | Greer 
Wellowapercher: 220 eae a eee 8000003/222 ee ee 

Gentralistation, Washs)| Blackthass—.---.-)-- 2 2|_ 22-2 23 8 Suess 385 
ington, D. C CAT TIST aie eres dele C1 Sire IE Ye ee ok [ees Se 4, 000 

Chinook salmon_________- 5, 000 5, 000 10, 000 
Crappie. -.--__- ek eee Vd Sere Se Le ee eee 6 Saintes 450 
Humpback salmon___-____ RS CR 3, 350 3, 000 
Pikenpereh 26 hs oo ene Eee See eer O02 000 Meee eo eee 
Rain bowabrouios 2 eke ce yaa een eee ee 18, 400 
SUAS cee i ots SA Ne nee | rs 24, 100 
Wihitefished see ekg ONS) Sa eee Sa ee eee 3, 000 

iBEyans) Point Vids! Shad ose tat poe eo 1622.71 (O00) eee sete ealees 
Niellowsperch ss se52 Si ea See Ae ee 128, 525, 000 210 

Clackamas, Oreg-_-_-___- Black-spotted trout ______ gs seep gare pee al bea ee ee 17, 000 
(BrOOEStr ont see sk Co Giral ees ae a | Ea ee oe 17, 000 
Chinook salmon__.___-__-_- 200, 000 716,000 | 3, 935, 000 
(Chun salmMoues = sae eek a Looe ee ee I Cea ee 95, 000 
ake inoue ee lhe S| eS 25/000))|2-=- sek Soe, 
Rainbow, toupee ete eS |e tes ee Oe ine ae 59, 000 
SUNVOT SH TIO rae ee ee eee | oe ees Neer eet | ele ai cae 16, 000 
Steelhead salmon________- 902000:| 2 chee bre? 25, 000 

Applegates|Orep 2} Silversalmon es 220 So alge a ae ale ot ge 2, 423, 800 
Steelhead salmon_____._.. *13095/O005 LLL SEE 1, 200, 000 

re YiHite Salmon, || \Chinogk salmonpe 96 Se eee eyo e 2 eres 6, 000, 000 
ash. 

Little White Sal- |____- dowrat ach ees cas *4 000) 000 (lh. - ee 162-45 12, 427, 000 
mon, Wash. @hiimsalimon 3S ea ee at ete | eee Se A 257, 500 

Silver Salmonliacit)= FO. Oa ee Ast |e era dart bey 9, 000 
Sackeye salimompysm 2k 238 uc eh ae lage Sa aie 50, 400 

Rogue River; Orey_|' Black-spotted trout. 2221) |_4 238i) See eV Pe ee 15, 500 
Chinook:salin on’. 2ihe 22s Te ee eee eee 980, 000 
Silversalrnonys lee se. UE ee pelle eee, eal) 80, 000 
SteelheadSalmon sk 29.07 AAs ss EPI a PN ES BAU DS 2, 241, 000 

Salmon, Idaho____- Brookstrouttce =.= 26 Sse a ee ee ee Ee ee 99, 000 
Chinookjsalmon tt! f2e2!|e8 ye ot oe lee JB ee 1, 124, 700 
Rainbow trouts.2. Che Ak ate eine en Ss Se 236, 000 

Sandy River, Oreg_| Black-spotted trout ______ [Rete ue aE eS eee 2, 600 
Chinook -salmons esses = |e eee | ease 383, 500 
RilVerisalimo nsf eet eyes Rieke eee Bees oo eS 313, 800 
Steelhead salmon_________ 125 O00} |"e a eae eke 438, 000 

Washougal, swash tJ doses os ee *434, 000 260, 000 ||: 2-@heies 
Cold Springs, Ga______ MS TACK Dass neo) 2s Das en | Ok Site Eee 216, 500 55, 475 

CEH ra tS) 0 Cole SA Ree (PER Ta Joh | ea ce AUP S| ee Ot A oe 12, 750 
GCrappies eae 2 PP Seek 22 eye bemy es cOe el Ppa ome ee Tee lh 1, 500 
Sunfish. 220 se Oe ee a Ia Ey TE ES 90, 400 

Craig Brook, Me_____-_ A tlantiowalmon! Jah 208 aye oF Ee 451, 000 40, 038 
Brook gnopits sso ee See ee. Meee Oete ee 354, 000 497, 800 
Landlocked salmon _-_-___- *76, 872 223,000 |2 52 ee as 

Grand Lake, Me___!___-- Gosek sae aes | 316, 190 91, 400 
GreemLakesMer8:| Brook) troubl 200 Pea 2 eee ee | dl OFQ00N| HE= =) 2. Hep 2 

andlocked) salmon! 2220 )\ 2) eee | 78 NASON a arbre 2 
Smallmouth black bass_._|_-_._-_-___ 2. {iy Tagly REA cat ce rae BY 94 
Smelt sy ses. .- 2. i 17,030; 000: | .128,;000)'000)|Pa- 2. == 2 - 

Puéh)) Vinny Os Brooks tnoltese ss see eke de eee cee [edu ha Ais tn 135, 000 
Teale trot 3 oe *525, 000 | 13, 170, 000 85, 000 
Pikeyperch eet: bo Sit era eo Speke ae 73630; 00039. 5 yeh 
Rainbowstromte-- aes | 
Steelhead salmon__-______ 
Wihtitefishy Suse eos 

Edenton, N. C_____._- iBlackspassHeepeesese ns La | 
PRON n ats op AES 2s Cer SIE 
Pa Gez2¥ 0 ov owes, te SU al: CO Rie ar 
Glutjherming-_-20 2 = 7. | 
fi) c¥s 6 Miia Magri 9 Vo Bet ne beas! le An ar 2005OGO Ese 8S 
Sunfish. STU eee a ie ee ee eS. Depa yee 9, 050 

IWieldonawNeiGz 220.) JSiripedaaass., sweeties | eee eee Le 1658415000052 oa he = = 
Erwin, Tenn. 222.10. 153) FYE) il of: een an ire REP ee 39, 500 15, 635 

Brooks (nome 2 ve Pen eee eae eee 278, 200 
Rainbow trout___--__2__- 2, OOOm tt eek yey 657, 770 
IROGKMDESSE ys )2 5) So So EN ee SN ee aap eeg 18, 050 
Smallmouth blackibass? "| 55 2 Si aatyies bees 7, 450 
Steelheadisalmon Jat eyo ot ee apa nk] 600 
Simfish Gree pees ene ie rare meal PAR TST SO ats Yad 4, 645 
Yellowsperch==4- 2.2 3.2 Es ae es Saris) FOOKOGOuIE. 2. - == 2 

Total. 

445, 000 
49, 000, 000 
2, 166, 000 

600, 000 

3, 000 
16, 771, 000 

128, 525, 210 
17, 000 
17, 000 

4, 851, 000 
95, 000 
25, 000 
59, 000 
16, 000 

115, 000 
2, 423, 800 
2, 295, 000 
6, 000, 000 

16, 427, 000 

45, 030, 000 
1 0 

150, 000, 000 
200, 000 

9, 050 
16, 341, 000 

55, 135 
278, 200 
659, 770 
18, 050 
7, 450 

600 
4, 645 

500, 000 
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Stations and substations operated and output of each, fiseal year 1923—Con. 

‘Station and substation. 

Fairport, Iowa-- --.--- 

‘Gloucester, Mass 

‘Homer, Minn 

Atchafalaya, La__- 

Baton Rouge, La_- 

Bellevue, Iowa--_- 

La Crosse, Wis-___- 

Marquette, Iowa__ 

Rock Island, Il__- 

88453—24 

— 

Species. 

Fe EE ee Ys 104, 400, 000 
Roll gckre eae eee le 33, 960, 000 

21, 000, 000 

Grappicse fia. -0) 8 leas oe ees 

arGcigi ass net tere tase er Ue 

MMR EI SSL le chee al ee 
Mellow.nperches ce sseee os 
Miscellaneous_-_._.______ { 
Buffalofish 

Waihishe ese seat eee Heeb fen Fe Sa 

Crappielies. 20 2e 
Fresh-water drum__-_-_-_-_- 
SUBASH ae ote ail 
WIL ebass 5 ae ee toss ee | 
Wiispollansows. 24500 \oded. elo a 
aeks bass = eee 
IButiaiqhshes ss eee | 
(CE oe See ST ey 8 
Catfishe le 
Crappie 
Fresh-water drum 
Pike and pickerel 
SUNASHE eee sans aes | 
Warmouth bass 
WMihiteipasss seas ees [SEEN 
Yellow perch 
Miscellaneous_______ -__- pea eee, 
Black bass 

Crappie: _. ON) ah) fe” 
Fresh-water drum_______ 
Pike perch 
Pike and pickerel________ 
Rainbow trout 

Yellow perch 
WMiseelancous: 3. YN) a Sd 
Black bass 

a a ee 

repeals NY IN) Me hee Es te 
Hresh-water (dram: Seas) ee | 
Pike and pickerel | 
1 icc opt Tee Se SS Ste ee eee ase 
Sunfish 

Mellow perch). Seas bebe 2 
Miscellaneous 
Black bass 
Brion. es aes he See al see 

Crappie 

2 

Fry. 

| 

Fingerlings, 
yearlings, Total. 
and adults. 

8, 160 8, 160 
96, 575 96, 575 
29, 565 29, 565 

209, 195 209, 195 
78, 590 78, 590 

205, 630 205, 630 
11, 200 11, 200 

Eis See 522, 640, 000 
pas OM 68, 760, 000 
Se ea oe 107, 360, 000 
Pee eae 309, 370, 000 

127, 030 127, 030 
24, 593 35, 079, 593 

1, 008, 875 22, 008, 875 
5, 851, 555 5, 851, 555 

11, 043, 070 11, 043, 070 
18, 950 18, 950 

311, 710 311, 710 
1,010 1,010 

7, 842, 460 7, 842, 460 
20, 580 20, 580 

529, 840 529, 840 
534, 900 534, 960 

pe ae 134, 039, 500 
3, 000 3, 000 
4, 750 4, 750 

980 | 980 
885 | 885 

10, 600 10, 600 
1, 500 1, 500 

13, 700 13, 700 
425 425 

188. 000 188, 000 
73, 230 73, 230 

5, 591, 050 5, 591, 050 
7, 244, 120 7, 244, 120 
4, 463, 080 4, 463, 080 
6, 653, 375 6, 653, 375 

194 194 
21, 270 21, 270 

2, 649, 693 2, 649, 693 
80 80 

2, 281 | 2, 281 
5, 880 | 5, 880 

7, 838, 132 | 7, 838, 132 
210, 740 | 210, 740 
242, 600 | 242, 600 

3, 000, 135 3, 000, 135 
4, 715, 330 4, 715, 330 

18, 958, 375 18, 958, 375 
13, 521, 595 13, 521, 595 

1, 3385 1, 335 
Pan ae he ae a 2, 100, 000 

484, 815 | 484, 815 
43, 000 43, 000 

94 94 
11, 495, 340 11, 495, 340 

7, 002 7, 002 
346, 315 346, 315 

5, 841, 300 5, 841, 300 
94, 555 94, 555 

473, 490 473, 490 
896, 675 896, 675 

5, 750, 250 5, 750, 250 
3, 620, 600 3, 620, 600 

16, 100 16, 100 

70, 850 70, 850 
300 300 

2, 297, 790 2, 297, 790 
1, 200 1, 200 

50, 055 50, 055 
326, 055 326, 055 

5, 125 6, 125 
105, 595 105, 595 
330, 280 330, 280 
784, 090 784, 080 
348, 213 348, 213 

222 222 
16, 690 16, 690 
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Stations and substations operated and output of each, fiscal year 1923—Con. 

'|Fingerlings, : 
Station and substation. Species. Eggs. Fry. yearlings, Total. 

and adults. 

Homer, Minn.—Contd. 
Rock Isiin dey Tl) Sunfishs {ewes 2st tore i ee eo eee eee eee 691, 765 691, 765 

(Continued). Winter ass 2 tat Se See ke ee | et See ae 777 777 
Wellow Pench] == 2.02 Bee lea ere 2 aha) © Sih Cee ae 4, 525 4, 525 
IMiscellameonse: 2 tte Snes Slee ce eek ek Sal Santee 886, 055 886, 055 

Simmesport, a |) Black passa. 22225229 smes 239 
IB Talo Msi: see nen 22, 550 
@at fishy: 2 ee gabe ee 1, 298 
Man wu h ee ls Se lh ee 130 
Grappie®: - 2 tateaa (ans eis @ (25 
Fresh-water drum_______- 7, 725 
Pike and pickerel________ 60 
SUMMA Shes Soa eee eee 3, 400 
Wihite bass. tory! aap sae 5, 170 
Miscellaneous__.____--_-- 192, 500 

Leadville, Colo_______.. Black-spotted trout______ 671, 000 
Brookserouta sases ae seen en 4, 070, 000 
aketnoute 22 eee aes 120, 000 
Loch Leven trout--__-__-_- 12, 150 
Rainbow trout__--_------ 64, 000 
Steelhead trout__________- 50, 000 

Louisville, Ky__:------ IBIECK passa ote! ote a SEN 1, 300 
IRockghassessew sei eae eee e 1, 750 
Smallmouth black bass.__ 402, 000 
SUTMSH Re see nae ae 26, 800 

Cainoy Dine aoe ee iBlack/Dasse ese =e eee 150 
IBtialGash= 2a aee ees 22, 600 
(aphishe ee eae. age Val: eee 755, 000 
Gran pied ers sae ean ee 307, 000 
Sunfishtee ae whe nee 123, 000 

Mammoth Spring, | Black bass_____-.________ 87, 500 
Ark. Crap piesa e eae wee aan 400 

17, 600 
20, 200 
14, 000 

M anchester, lowa 445, 545 
100, 685 

5, 750 
INashira Ni Hee sae 22a 614, 106 

21, 000 
Landlocked salmon_._-___- 1, 400 
PikeVperch eat ace 2 ae 75, 000 
RSID OW sOnOUbs. cits ee ae Lepr ens Serie ee 39, 700 
Smallmouth black bass.__|_-._2_____-__- 8, 700 

INeosho; Mo Eee 28s 5° Blackabassn seth we oleae [soo See eee 9, 038 
: Crap pice eee a a ee ee 600 

Rambow troubss 1, 004, 525 
RUGCKs Wass vers (i Ue eae oka ie ae 4,415 
Smallmouth black bass._.. 38 
SLD AOU ERS BUG Se SRI a pe Sy ol 17, 521 
Mellow perch] ees 7, 180, 270 

Northville, Mich_____- IBTOOKGttOUL sae eee 307, 000 
Meakennout. 2 ee eee 20, 000 
Rainbowstroute 2-22 ee ee 8 oe Sigh toe fe ee Pe 15, 000 15, 000 
Smallmouth black bass.__|_-..__..___--- 30, 700 32, 325 63, 025 

Alpena, Mich_-__-_- PVAKestrout sie see ek l es *1, 958, 000 BLOOOOs |e ee ce 2, 568, 000 
IRWihitefisne 22 eau ee *17, 440, 000 GO0%0003 | Hees sce St 18, 040, 000 

Charlevoix, Mich -| Lake trout__-..__________ 4, 250, 000 195\000)1000) | fo 2. Seo 23, 250, 000 
10, 

Orangeburg, S. C______ 

Put in Bay, Ohio_____- Carp Sie aN eee 8, 000,000 | 115, 000, 000 |_-----_-__-- 123, 000, 000 
| (Rike perch) 2 eens *37, 275, 000 SL SOO000E | Se = 25 ee 89, 075, 000 
| WVibnT te fists ess Bete aaae Ss *52, 400, 000;| 1.00! 000;000) }2---222-__ 22 152, 400, 000 

Wellow:perchiasssemak Mieaiet | een ie yee at AOOONOOOR oe 2 ass 3, 000, 000 
Quinault, Wash---...- i Black=spotted trouieen | soe veered ASNOGO" 22 Sek Seek 45, 000 

Sockeye (salmon: 20 2 eee eS TN ae ee 944, OCO 944, 000 
Steelhead salmon: ==: 2 5)22 2s 0 Saba ta 78, 000 78, 000 

St. Johnsbury, Vt -..-- IBTOOKMNOUt se ee ee 956, 000 274 956, 574 
ake trout stro x2 ae ee U5 TO69s| 2. ee Rae 152, 269 
hSteethead salmon 2 —.'- Sees oy 2 ae tery ee 8, 0CO 8, 000 

mMoldens Vite oes-02 MIT OOK nO te eere eee ho cael ee Rig 238, 400 9, 050 247, 450 
Lake trout _____ 95, 446 6, 500 131, 946 
Ran DOWitrOUb eae ceo ee Sue Re SUN Peale nee 1, 200 1, 200 
Steelheadsalmons io 22 2 eee eee eee 300 300 

Mork PondsyN) | (Brooktroute oes 2 2 es 1 ete ee ee 1, a eae 
Biakergnot: ce ese eal ee ames eran ete ahh Sis /8 = 
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Stations and substations operated and output of each, fiscal year 

17 

1923—Con. 

Fingerlings, 
Station and substation. Species. Eggs. Fry. yearlings, Total. 

and adults. 

San Marcos, Tex---__- SSC RST ASS ee = acon ae os oe ng en eT Saree eet SO 251, 918 251, 918 
MOTHER CY aya a fa al rg ies BY ee ne at ce Seen 4,310 4,310 
TROGESDESS an ac ee eae o Pee ee eee neo nt eerie L 260 260 
CSET eW AS a Ree ae hE ET | Da aE ED elie ool leg eee, beret 14, 508 14, 508 
Warmouth bass_------_-- 7 70 

Saratoga, Wyo-...-.-- Black-spotted trout 87, 500 
IBTOOKWOUGS =~ nee oon 138, 100 
Rambow, troute2 225 s2ene 723, 240 

Lost Creek, Wyo-_-|----- (ilo her Se Nees 1 Sareea ate 410, 000 
Spearfish, S. Dak. _____ TSRODKALT ON Gaeta ae eee 792, 445 

Loch Leven trout ________ 31, 650 
Rainbow trout-_-.---.--- 35, 360 

Springville, Utah_____- Black-spotted trout 1, 600 
TOOK hOULee ee sneer 282, 450 
Rainbow trout _---2----_- 362, 000 

Tupelo, Miss_.___._-_- Bilge Masse oss. sete ae 412, 190 
Granpiesicrsn. 2 Stren sae 650 
DUMOSH ae ee ena eee 80, 100 

Friar Point, Miss _) Black bass_--_.2...-.--.- 6, 960 
iB Yb Oa 02 Ca) aE ieee Pea 88, 500 
arpa ee ted: 5 SeAnes 300 
Catishe se St oaenoreene 314, 285 
Cranpiec 2! 28 Sts Ss 8, 399 
IRGEKDASS # rs. tee 2, 145 
ESN Fa) a fe) a Wee Se malariae a es 1, 221, 000 
A aliy eyed oY: Co pele Sree Bs Te 2, 650 

White: Siu liphimg Black bass 22 "2 fae 90, 180 
Springs, W. Va. Brookstrougs et ee 710, 066 

r Rainbow trout 1,774, 400 
ROCGKDaSSea ces a etese 930 
Smallmouth black bass-- 27, 000 
SENOSH wah ees AS ers 1, 250 

Winods Hole iiiass— si pd 220s Te ree sn ee ees 38 73;4805000) ALIS I G73 *O00sa ese 8 505, 153, 000 
MlQuingd ope fee eae O29 BAF ONO Eto 22M OOO put oe! oe 352, 566, 000 

Peal 2a | (0 1: ea eta eae pt A "Se ali By i op ard GaSe OOO; eye. aan: 688, 000 
Wehivetnerche = 22 tata sitet neko rae Dae rae ee 675 675 

Wytheville, Va wc pf Pad BURG eT ean aps Taek bed Sah a lke Meylr Regeliyd Pibtk d ralP 5, 875 5, 875 
BUONO BCD 1 rim agapapernte es Be || ek 8 aN al aria Bat a Li at 257, 750 257, 750 
{QE A 0S) 0 VS A a a Mal A el ol A ae sad 2) al | lS Sl Wage Cc pA) 2, 000 2, 000 
Rainbow trout_-____----- 577: SACO) WV a ae pe Ci ta 168, 100 411, 100 
TRACY Fe WO} Se see tk DD DES 28 Ll ela alld ete by oll ek RY Mlb pe tod 12, 700 12, 700 
PSE GD ANS) a1 Bi) a ig ins Et 2 a lA La gal fas bee pe Lich | 5, 250 5, 250 

Yes Bay, Alaska. _--_ Humpback salmon: 222 jhe te ee SOOT OOM tee eeue eo 393, 600 
Sockeye salmon_________- | Lahogt es ad Wil ekg 1, 500, 000 | 18,500,000 | 20, 000, 000 

Girossioutput. 2s )ss2- ee ho. Pte ek 1, 464, 480, 872 |2, 586, 887, 790 |264, 489, 063 4,315, 857, 725 
EGS Re CEATIRI Lepore ees nets 2c eh nen 750, 440 75, 5CO 172, 756 998, 696 

IMGIAGIEL Orit eos ee ries ee a ee 1, 463, 730, 432 |2, 586, 812, 290 |264, 316, 307 |4, 314, 859, 029 

Transfers of eggs between stations, fiscal year 1923. 

5 Number of 
Species. eggs. From To— 

Black-spotted trout__- 75,000 | Yellowstone Park, Wyo-_-____-_-__- Clackamas, Oreg. 
1, 332, /000; |__. = atc Lich Pm as el ee eT Bae Glacier Park, Mont. 

698, 000 |____- Co Vea) BE AS SCrSea CaS Pe Leadville, Colo. 
50, 000 |__--- Cows hese 2h Ts eth thes Quinault, Wash. 

100, 000 |____- Kako eae ee, ie PIED A eae ape ier Saratoga, Wyo. 
Brook trout. 2-- =. - 131, 666 | Craig Brook, Me_____--___-____- Grand Lake Stream, Me. 

500, 000 | Leadville, Golof enue _lbonpl. Bozeman, Mont. 
531,360 | Springville, Utah__.__________._ Do. 
230, 000 }____- (atipey OF Ee Eee eae Boer ae ST Clackamas, Oreg. 
ye 1 a COL en a 042 = ee La Cross, Wis. 
259, 200 |_-__- eee ey) or ee ee Manchester, Lowa. 

| 26, 400 |____- Gol vier. deseo} eee Salmon, Idaho. 
259, 200 |_=_-- OO ha so 2e = 32 es ee Spearfish, S. Dak. 

Chinook salmon_____- 225, 000 | Little White Salmon, Wash_____} Centra) station, Washington, D.C. 
1, 750, 000 |_._.-- Joo Ses 2 a eae. Clackamas, Oreg. 

Chum salmon_-______-| 5, £01,000 | Brinnon, Wash____- Duckabush, Wash. 
1, 800, 000 |____- (3 Cs Panes ae ee Quilcene, Wash. 

lit ee | eee | 30, 480,000 | Woods Hole, Mass Gloucester, Mass. 
Humpback salmon-_-_ 218,010) | MAtOpHaAk, Alaska. Vere eet ke Birdsview, Wash. 

50,000 | Birdsview, Wash_._..........__- Central station, Washington, D.C. 
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Transfers of eggs between stations, fiscal year 1923—Continued. 

Species. Number of 
eggs. 

From— 

akertroutioe ws 

Landlocked salmon_-_- 

Loch Leven trout.__-- 
Pike perch 

Rainbow trout_--_.__ 

Silver salmon 

Sockeye salmon______ 
Steelhead salmon 

50, 000 
75, 000 
25, 000 

150, 000 
108, 000 

3, 037, 000 
230, 000 

3, 000, 000 
4, 000, 000 
6, 000, 000 

50, 052 
20, 349 
20, 349 

380, 602 
10, 350 

500, 000 
1, 500, 000 
1; 000, 000 
1, 500, 000 

50, 000 

9, 165, 000 
750, 000 

250, 000 

Cape, Vincent, Ni wyi 22 eee 
A ohne Ty Eira eee ees a ele 

INorthyillesiVitch ysis Saas 
Jaxl\ oye ats eel GCG) ci eats ye te re I 

ee GOs ae ta wean ee aed 
Sic Wohmshiny items ce se 
Crsais Brooke p Vile we eee eae eee 

Grand Lake Stream, Me_______- 
Spearfish, S. Dak 

Manchester; Woware2s sa 
Springville Oibatne eee ees 
White Sulphur Springs, W. Va_- 
Wytheville, Va_._-__22.-_- H 

Birdsview, Wash___ 
Sultan, Wash___-__ 
Baker Lake, Wash_ 
Applegate, Oreg_- 

ei GM yeep tales este rca layed yt eeas 

@ape Vincent? Neo. fo 
ANE A, IMIG ease teeter yankee) | 

sl Ba LON eT A ARE 
Pui aye ONO ssh. eens 
Charlevoix viich seine 
Bryaus Te Ont, Vides ease ene 
Central station, Washington, 

Holden, Vt. 
Bozeman, Mont. 
Clackamas, Oreg. 
Leadville, Colo. 
Alpena, Mich. 
Charlevoix, Mich. 
Northville, Mich. 
Alpena, Mich. 
Cape Vincent, N. Y. 
Duluth, Minn. 
Nashua, N. H.- 

Do. 
St. Johnsbury, Vt. 
Craig Brook, Me. 
St. Johnsbury, Vt. 
Berkshire, Mass. 
Cape Vincent, N. Y. 
Central station, Washington, D.C. 
Nashua, N. H. 
Neosho, Mo. 
Manchester, Iowa. 
La Crosse, Wis. 
Manchester, Lowa. 
Nashua, N. H. 
Central station, Washington, D.C. 
Craig Brook, Me. 
Nashua, N. H. 
Birdsview, Wash. 
Duckabush, Wash. 
Quilcene, Wash. 
Birdsview, Wash. 
Duluth, Minn. 
Leadville, Colo. 
Trail, Oreg. 
Bozeman, Mont. 
Clackamas, Oreg. 
St. Johnsbury, Vt. 
Spearfish, S. Dak. 
Central station, Washington, D.C. 
Charlevoix, Mich. 
Northville, Mich. 
Central station, Washington, D.C. 
Alpena, Mich. 
Central station, Washington, D.C. 
Erwin, Tenn. ; 

Wytheville, Va. 

EGG-COLLECTING OR AUXILIARY STATIONS. 

In many instances the eggs hatched at the main stations are ob- 
tained at points established as near as possible to the base of egg- 
collecting operations. All of these egg-collecting auxiliaries are 
temporary in character, many of them being mere camps with a tent 
for the operator to live in, which in many instances serves also as a 
place where the eggs may be packed for shipment. In other fields 
the operator may be quartered with the fishermen or at some hotel 
in the vicinity, in which case a fish house is used for packing opera- 
tions. During the past fiscal year 75 of these egg-collecting stations 
were occupied for periods varying from two weeks to approximately 

The following list of substations of this class shows 
in each case the main station from which operations were conducted, 
the period of operation, and the species handled. 

three months. 
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Egg-collecting stations, period of operation, and species handled, fiscal year 1923. 

Station. Period of operation. Species handled. 

Boothbay Harbor, Me.: 
GASCOLBD AV INL OS 2 ene aes Sse Mar. 14 to May 7___.__--_- Winter flounder. 
Ebenecook Harbor, Me----------------- WiMfar: 10;to. May, dss) Selo. Do. 
ORYIS (DAV A WOss. pete ete ene Mar. 10 to May 10_____.._-__ Do. 
nekIns Bay, Meo sso. seee eee ee Feb. 27 to May 11-22 Do. 
@uter Penobscot. Bay - 22 ee Mar. 16 to May 10 Do. 
ea EarboreWVie. jose eee cece lar GQ-o= Re ee Do. 
Southport Coves, Me 22.20 Feb. 27 to May 1922-2. Do. 
‘Rownsend: GutydVien= 2 se ee Se | Mar. 10 to May 10_-.._____- Do. 

Cape Vincent, N. Y.: 
Byerotts Point, Ontario-:2.-.-- NiGy. labo! Dee. Ter ee Cisco, whitefish. 

‘*Ghamont ays, Novy 22st ee Nee INDY... L200 (Decisis Do. 
DessrontosOntanio. o2 eee ee ee INGVerlebO DGGinae te ee eee Do. 
Fairhaven Bay, N--¥ -..2...--<2-s-<2:F- ) Nov. 25:to Dec: 92-2-2-=22222 Cisco. 
GisSSeB siya gINi. Yee eee res 5 ald a on (fo Se Se eS Yellow perch. 
Piccon isiand,Ontarios- ss" == see ae - HOCts7 tO INOVn tee eee Lake trout. 
Sodus Bayo No Y.2.- SS sees’ Nov. 25 to Dee. 8.__2_2_-___-- Cisco. 
Soaphbay. Ontarion 9. hoe ee ee IINOVRE2 LObede oe See Whitefish. 

Clackamas, Oreg.: 
Hemme idee 215 Sey eke | June to September -__________ Chinook salmon. 
PAUSITROFOL GAMO eee ee trae ee eee | September to October______- Do. : 
Sunbeam Wam;'Idaho-\- | --045 0281222 sia e v6 (0) Ge a a pes Seat Do. 

Craig Brook, Me.: 
DOpSIsMsaker Mies sevice Derr keke Oct. 21 to! Nov. 14.02.1201 Landlocked salmon. 
Mixettrook-siMere= 2. U2. US b os Lee Oct2itowate eset ey Do. 

Duluth, Minn.: | 
ANE Mirsins Wiiehie e226 ue Sar aA AE TRY. Wet: 16 to Nov3i= 2 oe Lake trout. 
SRLS GSO VC ane lo eke fi Ed Oct. 19 to Nov. 8__- Do. 
Fish Island, Mich_____-_-- _| Oct. 18 to Nov. 25_. .---| Lake trout, whitefish. 
Fishermens Home, Mich-...-..-.-....--1]----- GOs 2 > Seen Rea Do. 
Cyeby, Miiehiznse pret Sr 8 ee Oet=lSitOwNOvi Sse ee Lake trout. 
Grand Marais; Mich." 222-2 0 ee Ock Lote INOVa oo eee Do. 
Huron island; Michrws!4563_ 3) 2h Gl Oct. 19 to Wovasee Aes a Do. 
ey StanmeaVilch © ee yes fo pe en Oct: 12itoyNovi6e225 eae) Do. 
WBON PAP OIG AUC Dees ores ore he re OCh BIS LONNG Vaz eee Lake trout, whitefish. 
Manitou Island, Mich...___.__-____-__- Oct 19itomNovsee sae Lake trout. 
Ni drouettes Mich. Sete tt eet i. Oct. 17 tO*Nov92E8 3 Do. 
Vianising. Maen 2) tees ae et Oct.16 to! Novis 2 46) 2k Do. 
Ontonsvon} Wiech: 22 224285. bes, 28. Oct. 20;to Nov. 62---_-__._.. Do. 

> Portare'butry, Mich 228 22k Oct IOtOR NOW Se oe Do. 
Portage Lake Canal, Mich_-____-______- Oetx20 teaus ees oo t5 5553 Do. 
Rockett aroorvilCh: oo en ee Octo NOW. cote ae ee Lake trout, whitefish. 
Siscowit Bay, Mieh= 2 22858) le oss eee Riya Do. 
Monewsiharbor Viichs=2 22255) 2 | oe GOs. ne hos ye Do. 
MOGs Haron pNilCMecc. fan aes steno (6 (era el saat en eet aocien Do. 
PraverseBay)- Wich! ose a2 ie ee | Octs 19 to Novase eee ae Lake trout. 
Washington Harbor, Mich_____-____-___ OetI8 to:NOVe 2p... Se Do. 
Wrehisisiand, Michee-- sit. 3) Ure Ae 66 (cae pe es oe Le SS Do. 

Leadville, Colo.: 
Garrolliliakey Colo 3c 25 5= oe Se Octa 29 torNow. 1822 Brook trout. 
Engelbrecht Lake, Colo..__._..._.-_-__- Sept. 24 to Nov. 26_________- Do. 
Hred Neal: Lake; (Colots>:-"<*552-- su: Pa OViwldt cL 2b eae etree nee Do. 
Musgroves Lake, Colo_--222.22.-.2222-- | Oct. 26 to Nov. 22.2-___-__ =. Do. 
pbunyeise Lake: Golowssesrs = 52s sees Octh 19 CamNoy. 262. 2 ee <= Do. 

Neosho, Mo.: 
FuenINe Ver, NOW8 2 ses 52 ae soe INOVwoeLOVReWn toe e ee Rainbow trout. 

Northville, Mich.: 
PHSDOVEAN, ICU =. sa Bacon = oe 1 SOX 7-74 (09,651 WS eit ees Fa UR Lake trout. 
RATT DOLL. MICH err nee feo ke ater see mOct-2btto-Dechzos= ase Do. 
Liseevel ti) eel (cl ale) Soe Se IWNOiaa topes ee Le ene Do. 
IORI Oday MUNCie ses eee ae ee] ON OV-ISibO aire ee oe oe Whitefish. 
CALAN AANCI ee ojos ay ee ey IN OVepa LObo oa eer Lake trout. 
Mamstigges Wich). ote rea a Oct. 22:to -NOVe16 22 eee Do. 
Nanbinwey.aMich) 2 598s sede ye ee VENOme tS topo ees eee Whitefish. 
Wonbonocl, wale st ee 58 INOVEetOne le eae eee Lake trout. 
Siigmace;( Mich - 44h 2b 5. cebile Oct. 22:to,Noyi 2728.22 ks Do. 
Steames: svitches Sa os eh a! he OV PUTO) 2226 ys teed) 8 ees Lake trout,e whitefish, 

Put in Bay, Ohio: : 
Catawba island, Ohio. -2)-33-22222s_-- | Nowe 12'to Dee. 45 toe - se Whitefish. 
Middle Bass Island, Ohio._--....-.-___- |, Nov. 42 to Dec. 8222. 225555 Do. 
North Bass Island, Ohio-_.____.21-2_2_-- Nov. 8 todDec. 8:2.52522 2-22. Do. 

Apr. 15 to 30__-- _| Pike perch. 
Pelee island, Ontario_ 22 oe ae Nov, 28:t0,Dec..4_, > 22-2 2-* Whitefish. 
Fort Clinton; Ohio... - >. 8 ee Néy.. 1 to.Dec3 42.005 Do. 

fF Apr A2zto June 225 el Pike perch. 
PROLOG OP ONIO S24. -c 0 eee tee ee Nowe" to..30_ 1 auee- =o 2 2 Whitefish. 

Apr. 15 to May 8__-__...___- Pike perch. 
St. Johnsbury, Vt.: 

Parner PouGy Wis-cs- 4-25-22 tte | October and November-_---- Brook trout. 
sake Dunmore, 'Vti2.2ses esos ants Oct. 20 to. NOV os. so Lake trout. 
Lake Mitchell October and November----_- Brook trout. 
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Egg-collecting stations, period of operation, and species handled, fiscal year 
1928—Continued. 

Station. ¢ Period of operation. Species handled. 

Saratoga, Wyo.: 
Big Creek Lake, Wyo 
Canon Creek, Wyo 
Sage Creek, Wyo-_____- 

Springville, Utah: 
Fish Lake, Utah 

Woods Hole, Mass.: 
Sandwich, Mass 
Waquoit, Mass 
Wickford, R. I 

October and November___- 
aa to June 

(Pinel haps tae ples etd Ne Gy Do. 

Eaii@ods 

Do. 

FISH FOOD USED AT HATCHERIES. 

Brook trout. 
Rainbow trout. 

Brook trout. 
Rainbow trout. 

Winter flounder. 

The following table indicates the amounts and kinds of food used 
at the fish-cultural stations of the bureau during 1923, with the cost 
per pound of each material used. 

Pounds and cost per pound of fish food used during the fiscal year 1923. 

PACIFIC SALMON STATIONS. 

5 ? 3 Canned 
Station. Beef liver. Sheep liver. Beef melts. See. 

Pounds.| Cost. |Pounds.| Cost. |Pounds.| Cost. |Pownds.| Cost. 
Baird and substations, Calif_________- 1; TAD" | SOAOF We ees | sa Ie Pee een eee 

Baker Lake and substations, Wash_--| 1,270 | .0634| 676 | $0.08 | 3,360 | $0. 045 {, at \ $0. 06 
? 

Clackamas and substations, Oreg ____- 770))\ S3Oby§ Hea sats Hal eee soe 6, 221 OBO rte 2 ela bene 

Motel’ 22) Nee See ee By TUS PH se ee ae 6765) sasee ee 9, 581! |o_ eke GPy4 be eee ee 

Station. eels, Fresh fish. Salmon eggs. Middlings. 

Pounds.| Cost. |Pounds.| Cost. |Pounds.| Cost. |Pownds.| Cost. 
Afognak;!AVaska 2-22 ee Le 2, 450 |$0. 0454 8300) | one koe tS? Sl eyes a eee oe ae 
Yes Bay, Alaska 2222 fee te eee 20 lea O2uinosase se |aase = ace 17700" S0K01 5 uo ee. oe |e ee ee 
Baird and substations, Calif__--_.-_-- O5000) 1. 02a y c/a keene le eee nn ee SU aes eae One 

Baker Lake and substations, Wash_- { Tea \ fO215 | 2190 | ne [eee ee ae 
Clackamas and substations, Oreg_---} 10,000 | .O11 |_____-__|_------- 4, 420 . 044 200 | $0. 028 

Mo tales ee ek ee ees D7 Nar} 0h pee es 420 en See G20 ee 2005 |= eae 

ROCKY MOUNTAIN TROUT STATIONS. 

Station. Beef liver. Beef hearts. Sheep liver. Hog liver. Sheep plucks. 

ES 5 | 

Bozeman and sub- |Pounds.| Cost. |Pounds.| Cost. |Pownds.| Cost. |Pounds.| Cost. |Pounds.| Cost. 
Stations, Mont-- 22!" #5,,910)))| SOs075 Esso" eee eee jal Sed 6): 8839S SONOB MS ass el ERE: 

Teadville, \Coloss-ss s|2eaeee eee fee 2676 | SONOS 7D N| senna eo Ee err a Ee ST a eS 
Saratoga, Wyo------ 1, 124 . 05 1, 754 hive 0425 550) SONOS D5 Wee ea ws Ss ee ee Ea eee ee 
Spearfish, S. Dak__-- 322 en2 1, 146°) .105 2 LOT uO tay ences enema 2, 200 $0. 06 
Springville, Utah___| 2,829 04 | 9,594 | .05 BB 67h 52068 | cmeen cs |= Se SRL NR ee 

Motalee ees TO ase one 15, 170 | pee eB Amn > a ashe G6) 88a: [42 vebaas 21200i8| See eae 

1 Donated by State fish and game commission. 2 No cost. 
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Pounds and cost per pound of fish food used during the fiscal year 1923—Con. 

ROCKY MOUNTAIN TROUT STATIONS—Continued. 

Station. Fora Pp Fishotine. Lean beef. Fresh fish. poy meade 

Pounds.| Cost. |Pownds.| Cost. |Pounds.| Cost. |Pounds.| Cost. |Pownds.| Cost. 
Spearfish, S. Dak ___ 39 | $0.06 24} $0.08 WAS KV DO! 20) | PRENSA S NE Oe 1 eee Sart 
Springville, Utah ___|:_._____ |--------|--------|--------|--------|-------- 6, 225 | $0. 125 9, 630 | $0. 0225 

Total. ...---_- 39 | bs tried 24 | Te re |e ee 6,205 |, uct Weta Oa ee 
| 

NEW ENGLAND TROUT AND SALMON STATIONS. 

Station. Beef liver. Beef heart. Sheep liver. Pork liver. Beef melts. 

Berkshire trout |Pownds.| Cost. |Pounds.| Cost. |Pownds.| Cost. Pounds.) Cost. Pounds, Cost. 
hatchery, Mass__- BUY AN fas 00 (0's i) a eS I ie Le) Se 2, 426 $0. 05 

Craig Brook, Me___- 892 AOR pied Ses SA eh cla pe 526 G0j06 | Se ees 
Nashua, N. H-.-____- 1, 149 . 065 DOP SOVOZaT i 85204 SOL0F25 ee Eee ee lee See 

Potalis v.02: 2 AQH i eee 2 a HOSE eee ee 6-7 6 Sp) | See SG h ite See ee 2, 426 | Se ae 

STATIONS PROPAGATING BOTH TROUTS AND POND FISHES. 

| 
Station. Beef liver. Beef heart. Sheep liver. Middlings. |Low-grade flour. 

Pounds.| Cost. |Pownds.| Cost. |Pounds.| Cost. |Pounds.| Cost. | Pounds.) Cost. 
Erwin, Tenn 226 5 3)F fa | ties 5, 580 |$0. 057 9, 815 |$0. 0485 | 2, 100 |$0. 0197 294 | $0. 027 
pianehester 1 Ro fe ee ee are 3,182} .04 9 12,840] .036 4005/4: O175 2s. 2 | eee 
Neosho, Mo__-_-____- 1, 684 | $0. 033 959 0435 | 4,610} . 0384 1,500} .016 3, 705 . 035 

White Sulphur 
Springs, W. Va__- 113 . 05 7, 584 | .05 200307 eee OL UU Et age oes [teen oe elas a teeen| eee cg a 

Wytheville, Va__-__- 4, 609 . 05 (TEPC eck Ua [ i eng lh aa lb SS SSI Be ed at | 

ie) fe pe ee ae G, 206/255. 2 2 LT il pea fe SOLIS enn ee) AON: HAA ee es 3 S999) | 2s Se 

POND FISH-CULTURAL STATIONS. 

Station. Beef liver. Beef heart. Fresh fish. Fishotine. Middlings. 

Cold Springs, Ga., Pounds. Cost. | Pounds. Cost. |Pounds.| Cost. |Pounds.| Cost. |Pounds.| Cost. 
and substations —___|_______- Neg fm ay ad ye pe sg) Sp 2 ba 5, 087 | $0. 10 373 $0. 07 420 $0. 10 

Edenton, N. C_____- 37 DOL ORR nae ee dee Ui2ail avplane -| ie 2d ale SR ee oe |S ee 
Louisville, Ky-_-__-- 116 | .10 SS7o|SOALO MH 2 SU EP ER OLE SES LE SCENE 2 EE Pe ae 
Mammoth Spring, 
Bes TS NT BLOF! 1.464'|) 052 | 20 FASS Pele) ISS VET AS BY 

Orangeburg; 8) C. acjases2 celeste. tbe BGA eee Oy Fe brs 2 hand i 9 pee oy veel gee 
MTB OI, ULISS, <a oe | Pe tee ee ae ThGSS ay) 0026) |e re [ee peascelic ee tian a] seater. Srl en Woe eee ee 

Pntals- 2 5a 63 | ictus A) re rane ae 490 |__-.2_. 

HATCHERY FISH-CULTURAL NOTES. 

METHOD OF PREPARING FOOD FOR YOUNG SALMON. 

In connection with the salmon-rearing operations at the Oregon 
station and substations, considerable quantities of immature salmon 
eggs are used as a fish food with very satisfactory results. This 
spawn is taken in immense quantities in the commercial fisheries 
of the Columbia River and is held in cold storage until needed, 
when it is thawed by immersion in cold water. In preparing the 
material for food it is first passed through the coarse plate of a 
meat chopper and is then cooked in a single boiler for about 23 
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hours, during which time it is stirred constantly. When cooked 
the food resembles granulated yellow cornmeal, and when introduced. 
into the ponds and troughs it does not discolor the water. 

TEST OF COPPER SULPHATE FOR ERADICATION OF FUNGUS. 

The great difficulty experienced in preventing the development 
and growth of fungus on crappie held for distribution during the 
summer months impelled the district supervisor in charge of the 
Mississippi River rescue work to test the copper-sulphate treatment. 
in an effort to find a cure for the trouble. Owing to the extreme 
weakness of very small crappie and sunfish in intensely warm. 
weather, it was found that they would not survive even a weak solu- 
tion of the chemical, those used in the test perishing in large num- 
bers when subjected to it. The results demonstrated that it might: 
be successfully applied to fishes of larger growth and to the stronger 
individuals among the younger fishes, and also that it 1s valuable for 
disinfecting and cleaning the troughs in which fish are held. Its use 
for such purposes will hereafter be resorted to at the holding and 
distributing stations in the rescue fields. 

In this connection too much stress -can not be laid upon the need 
for exercising care in the handling of fish to avoid abrasions, which 
serve as avenues of access for bacteria. In landing seines in the 
rescue fields special effort is made to prevent hauling the fish over 
low muddy places, thus filling the gills with mud. For the infection 
work, also, only the larger and stronger fishes are selected as hosts,. 
all small and weak specimens being carefully culled out. 

PARASITIC AFFECTION IN WHITEFISH JARS. 

In connection with the parasitic affection that caused so much 
trouble in the whitefish jars at the Cape Vincent (N. Y.) station 
during the past season, it is the opinion of the bureau that the heavy 
losses sustained were very largely the result of the additional hand- 
ling required in order to remove the growth from the jars. In in- 
vestigating the underlying causes of a heavy loss of shad eggs at 
Windsor, Conn., Doctor Mitchell, of Brown University, found that 
a very large percentage of the loss was due not to lack of fertilization 
but to scratches and abrasions on the surface of the eggs. The raw 
surfaces caused by the abrasions formed a fertile ground for the 
multiplication of bacteria, and later on a white mold appeared, 
quickly coating the eggs. It is quite possible that the heavy mor- 
tality experienced in the incubation of whitefish and cisco eggs may 
be traced to injuries to the shell, many of them being caused by the: 
constant screening and washing of the eggs. This may also explain 
the higher percentage of hatch attained by fishery employees of the 
State when using an inverted funnellike bottom on their jar tubes. 
The effect of this arrangement is to spread out the intake flow of 
water, thus imparting a slow movement to the eggs. When eggs in 
circulation are thrown violently against the jar bottoms they are 
liable to become more or less scratched, especially if the jars contain: 
particles of iron rust, which is often the case. Heavy losses of 
brook-trout eggs have frequently been noted when they are massed 
during the expansion period. In the process of separating the eggs: 
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the protecting film of the shell is apt to be broken, forming a fertile 
field for bacterial growth. It is believed this subject is worthy of 
careful study in an effort to overcome the heavy losses of eggs 
annually occurring at most of the stations of the bureau. 

HATCHING EGGS IN GRAVEL. 

Some interesting experiments in the hatching of trout eggs in 
gravel were conducted in the course of the year at the Wytheville 
(Va.) station. On January 4, 6,600 eyed rainbow-trout eggs were 
buried in sand and gravel in one of the rearing ponds. This ma- 
terial was obtained from a neighboring creek and was not screened, 
though the larger stones were removed. No fish having been ob- 
served by February 27, the covering was removed and washed and 
all the eggs were found to be dead. 

In another experiment, undertaken on January 5, a trough was 
prepared with crushed stone sifted through a coarse-mesh screen to 
exclude the fine particles. Four nests were made with the larger 
pieces of stone, and in each of these eyed eggs to the number of 
944 were scattered and covered to a depth of about 3 inches with 
the sifted material. A few fry in the advanced stage were observed 
in the trough on February 10, and the remainder of the hatch came 
out of the nests within the next two weeks with the sac nearly ab- 
sorbed. On February 20, when the nests were removed and the 
fingerlings counted, it was ascertained that 2,736 of the 3,736 eggs 
planted had hatched. 

COMMERCIAL FISHES. 

Of the 71 stations and substations engaged in the fish-cultural 
operations of the bureau, the work of 44 was devoted mainly to 
propagation and to the salvage of certain commercial species. 
Among the most important fishes handled, from a commercial view- 
point, were the salmons of the Pacific coast, the whitefishes, lake 
trout, and cisco of the Great Lakes, and the cod, haddock, pollock, 
and winter flounder of the Atlantic coast. Other species of lesser 
commercial value were handled on a smaller scale. The results of 
the work at these stations show a considerable decrease as compared 
with those of the previous year, most of the falling off occurring 
among the Atlantic coast species. The principal reason for the de- 
cline was the unusually severe weather prevailing during the spawn- 
ing period, though lack of funds for the efficient prosecution of the 
work at all points was also responsible in some degree. 

PACIFIC SALMONS. 

Fish-cultural operations coming under this head are conducted ex- 
tensively at 19 stations and substations located in Washington, Ore- 
gon, California, and Alaska. Operations at this group of stations 
are devoted almost exclusively to the propagation of the salmons of 
the Pacific coast. though small numbers of trout eggs, transferred 
from other stations of the bureau, are usually hatched annually at 
two or three points in Oregon to supply the local demands for fish 
of that character. The results attained in the salmon work during 
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the year were fairly satisfactory, though the output of the stations 
in this class was somewhat smaller than that of the preceding year. 

AFOGNAK (ALASKA) STATION. 

[F. R. Lucas, Superintendent. ] 

The steady annual increase in the run of sockeye salmon to waters 
in the vicinity of the Afognak station, frequent mention of which 
has been made in previous reports, was maintained throughout the 
past year. Not only were the egg collections larger than in 1922, 
but fully half the fish counted into Letnik Lake could not be utilized 
in the propagation work owing to lack of facilities for handling the 
spawn. This gratifying situation is believed to be due solely to the 
bureau’s efforts to build up and improve the run. 

The spawning operations were begun August 1 and extended to 
the middle of September, by which time a sufficient number of eggs 
had been obtained to severely tax the fry-holding capacity of the 
station, the total amounting to 61,790,000, or nearly 8,000,000 in 
excess of last year’s collection. During the month of September 
10,678,400 eyed eggs were shipped in charge of an attendant, part of 
them being delivered at Juneau, Alaska, to fill the application of the 
fisheries commission of that Territory; approximately half a million 
were furnished to the fisheries authorities of the State of Washing- 
ton, and the remainder was turned over to the Oregon State hatchery 
at Bonneville. From the eggs incubated at the station 47,569,000 
fry, or 93 per cent of those retained, were produced, the hatching 
period extending from October 15 to April 25. Al fry were held on 
trays until the sac was absorbed, when many of them had to be 
liberated as the rearing capacity under the present stacked-tray 
system is sufficient for only about 30,000,000. ‘Those retained for 
rearing were held in open troughs and liberated from time to time, 
the last of them being disposed of shortly before the end of the fiscal 
year. 

In response to a request from the Birdsview (Wash.) station 
for a consignment of humpback-salmon eggs, a collection of 600,000 
of this species was made on August 23. Approximately 278, 000 
were shipped to that point in the eyed stage, and from the remainder 
240,000 try were produced and liberated in the fingerling stage in 
one of the branches of Letnik River. 
A disquieting feature connected with the propagation work in 

this region is the presence of the Dolly Varden trout in large 
numbers. It has been conclusively demonstrated that these fish 
constitute a serious menace to the welfare of young salmon, which 
they have been observed to follow in their downstream migrations 
in May and June, returning with the run of brood salmon in July 
and later. A dam was recently constructed across Letnik River with 
the view of excluding this species and other undesirable fishes from 
Letnik Lake, which it is desired to retain exclusively for the sockeye 
work. As a result of the systematic attempts made to reduce the 
numbers of Dolly Varden trout, between six and seven thousand 
were captured during the year in seines and traps. Their flesh was 
used, so far as it was needed, for feeding the fingerling salmon. 
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In the course of the year a number of minor repairs were made to 
station buildings, roads, equipment, and vessels. A 32-volt, 850- 
watt Delco lighting system, equipped with storage batteries, was 
purchased and installed in an insulated room for “furnishing hght 
to the various buildings. A one-half-kilowatt radio transmitting 
set was also purchased and installed in one of the rooms in the bunk 
house. This set is capable of sending on a 300, 420, or 600-meter 
wave length, and has ample power to permit of communication with 
the naval radio station at Kodiak. A 5,000-meter crystal detector 
receiving set was also provided. 

Most of the trays used in the stacked-tray system at this station 
are 1 inch high and are used in the troughs in stacks of four— 
three filled ones with an empty one at the top. As an experiment 
1,000 trays three-fourths inch high with mitered corners were con- 
structed, and were placed four filled trays to a stack. They were 
found to work just as successfully as the deeper ones, and by their 
use the capacity of a fry-holding trough is increased one-third. 

YES BAY (ALASKA) STATION. 

[JOHN W. GARDNER, Superintendent. ] 

The fish-cultural work at this important salmon hatchery during 
the fiscal year 1928 may be considered satisfactory. Notwithstand- 
ing the short egg-collecting period, which extended from September 
5 to September 22, sockeye- salmon eggs to the number of 25,000,000 
were taken, and approximately 500,000 eggs of the humpback ‘salmon 
were obtained incidentally. On September 22 the fishing racks were 
wrecked by heavy drift washed against them during a sudden rise 
in the river. The collecting season was thus abruptly ended, though 
spawning fish in considerable numbers were ascending the river then 
and for some time afterwards. 

For the first time since the general adoption of stacked trays for 
holding salmon fry through the yolk-sac absorption period a com- 
plaint has been registered against the system. The superintendent 
of the Yes Bay station reports that during the year a loss in excess 
of 29 per cent occurred among the fish thus held, while the death 
rate among the fry held in troughs was merely nominal. He attrib- 
utes the abnormal loss to an unusual condition of the water supply; 
at least such a condition had never been observed previously at the 
station. He states that circulation was almost entirely precluded 
at times by the presence of quantities of slime, which covered the 
frames and wires of the trays, forming a jellylike substance. This 
slime is supposed to have come from the swampy tundra of the sur- 
rounding region. The superintendent suggests that the trouble 
might be overcome by the removal of the 14-inch mesh from the trays 
and the substitution of 10 or 12-inch mesh. 

The year’s output of the station consisted of 20,000,000 sockeye 
salmon, all but 1,500,000 being fingerlings No. 1; also humpback 
salmon fry to the number of 393,600, and upward of 4,000,000 sock- 
eye fingerlings remained in the troughs at the end of the year. 

Approximately 6,500,000 sockeye fingerlings were placed in Mc- 
Donald Slough, an inclosed arm of Yes Lake about 4 acres in area, 
which has been used for several seasons as a rearing pond. Before 
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placing the fingerlings in this inclosure all other fish that may have 
collected therein are removed with seines and gill nets and the en- 
trance is screened to prevent their return. The salmon may then 
be given artificial food in addition to the natural food in the water, 
and held until such time as it seems desirable to release them. 
During the winter months further trouble was experienced from 

anchor ice, and it appears important that steps be taken to correct 
this condition and thus avoid the threatened loss of valuable stock 
each season. During extended periods of cold the water at the in- 
take end of the pipe line falls to a level where the pipe does not 
carry water to its full capacity. At such times anchor ice causes 
trouble, and there is always danger of the line freezing completely. 
Should this occur it would in all probability entail not only the loss 
of all eggs or fish on hand but it would be liable also to seriously 
damage the pipe line. As a corrective measure the superintendent 
recommends certain alterations to the dam at the intake, including 
an increase of its height to deepen the water at that point, and the 
protection of the pipe against frost by covering it throughout its 
entire length. 

BAKER LAKE (WASH.) STATION AND SUBSTATIONS. 
. 

[J. R. RUSSBLL, Superintendent. ] 

Satisfactory results were achieved in the fish-cultural work in 
this field during the fiscal year, the egg collections and output of 
fish eggs and young fish from all points comparing favorably with 
the work of past years, while the egg collections and output exceeded 
those of the preceding year by a substantial margin. 

In this connection it should be taken into consideration that the 
Quinault station, which for some years has been an auxiliary of 
the Baker Lake station, is now being operated under the direction 
of an independent superintendent, and its output does not enter 
into the total of the Washington group of stations. A review of 
the year’s work in the Quinault field is contained on page 29 of this 
report. 

The Baker Lake field involves the work of six stations, all in 
the State of Washington, with the headquarters of the superin- 
tendent at Birdsview. Fish-cultural work in 1923 was addressed 
to the five species of Pacific coast salmon and the steelhead. Though 
the humpback salmon does not figure in the year’s egg collections, 
the species is represented in the output by upward of 1,500,000 of 
advanced fry, these being the progeny of eggs collected in Alaska 
waters by employees of the State of Washington, and of a smaller 
shipment of eggs transferred from the bureau’s Afognak station. 
These transfers were made with the view of effecting, if possible, 
the reestablishment of an annual run of humpback salmon in Puget 
Sound waters. 

BAKER LAKE (WASH.) STATION. 

Though it has been found more convenient in recent years to 
maintain executive headquarters at Birdsview, Baker Lake has 
always been considered the main station of the Washington group. 
It is the point at which the bureau first attempted fish-cultural work 
in the State of Washington, and it has continued to be the most im- 
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portant station as regards the value of its work to the great salmon 
industry of the surrounding region. 

The construction work at this point during the year included the 
remodeling and rebuilding of the stable, some needed alterations 
and repairs to fishing and spawn-taking appliances at the retaining 
inclosure, and repairs to the trap. The trail and telephone line be. 
tween the station and the railroad at Concrete, Wash., was kept 
open throughout the year. Because of the expense involved in pack- 
ing supplies to this station from the railroad line, 18 miles distant, 
it has been found profitable to do a considerable amount of far ming. 
Several acres of land adjacent to the buildings are under cultivation, 
and from this land upward of 6 tons of hay and a sufficient amount 
of vegetables to supply the station mess were produced. A storm 
channel was excavated for the diversion of flood waters from the 
creek flowing through the station grounds into a deep ravine, thus 
relieving the station of a flood menace of long standing. 
There were on hand at the first of the year 5,400,000 sockeye- 

salmon fingerlings, all of which were distributed in July, 1922. 
From the operation of the trap at the outlet of the lake 7,080 adult 
sockeye salmon were taken between July 1 and August 14, and 
were held in the inclosure with the usual success until ready to 
spawn, all of them remaining in splendid condition throughout the 
period of confinement. Spawn taking was in progress almost daily 
from October 1 to November 21, and 11,040,000 eggs of excellent 
quality were obtained from the 3,499 female fish contained in the 
brood stock. 

During the run of silver salmon—from September 25 to No- 
vember 18—adult fish to the number of 2,924 were taken. Low 
water stages in Baker River were detrimental to the work, as large 
numbers of fish were unable or unwilling to ascend the shallow 
stretches of the river and deposited their eggs far below the usual 
spawning places. Between October 31 and December 15 the 1,033 
females in the lot yielded 3,115,000 eggs. After being eyed, all of 
these were transferred to the Birdsview station for incubation. 

In contrast to the statement of the superintendent of the Yes 
Bay station with reference to the use of stacked trays for rearing 
sockeye-salmon fry, the following is quoted from the annual report 
of the superintendent of the Baker Lake station: 

The fry were thoroughly cleaned when taken from under the baskets and 
were then placed on the trays, where they remained without further attention, 
aside from the regulation of the water, until they were swimming up. This 
would seem to indicate that if the fry are healthy when placed on the trays 
there is no need to molest them during the sac-absorption period, provided, of 
course, that no unfavorable water or other conditions are encountered. 

Besides the 3,025,000 eyed silver-salmon eggs transferred to the 
Birdsview station, the distribution from Baker Lake included 
15,175,000 sockeye-salmon fingerlings, with some 700,000 remaining 
on hand at the end of the year. 

BIRDSVIRFW (WASH.) SUBSTATION. 

At the beginning of the chinook-salmon spawning season in 
September the protracted dry weather had reduced the water stages 
in Grandy Creek to such an extent that successful fish-cultural work 
seemed impossible. Late in October, however, the greatly needed 
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rains came, bringing the streams to normal level, and from that 
date on conditions were generally favorable to good work. The 
egg collections were therefore successful, and more fish were pro- 
duced for distribution than for a number of seasons past. 

Between September 30 and October 4, while the drought still 
prevailed, 38,000 chinook-salmon eggs and more than 4,000, 000 silver- 
salmon eggs were taken, the collecting season extending from Oc- 
tober 4 to December 22. The steelhead work at this point also 
showed a satisfactory improvement over that of last season, the 
collections netting 847,000 eggs of excellent quality. No hump- 
back salmon were in evidence in Grandy Creek during the year, 
but in October approximately 275,000 eggs of this species were re- 
ceived from .the Afognak station. A ‘small number was sent to 
central station at Washington, D. C., for exhibition, while the re- 
mainder was incubated and the young fish liberated locally in con- 
tinuance of the policy of attempting the reestablishment of the run 
of humpback salmon in Puget Sound waters during the so-called 
“ off year.” No chum-salmon eggs were handled at the station dur- 
ing the year and no fish of this species were taken in the Grandy 
Creek trap, but it was observed that there was an excellent run in the 
Skagit River, large numbers of them appearing on the spawning 
grounds and apparently in excellent condition. 

The output of all species of fish from this station amounted to 
8.107,890 fry and fingerlings, and upward of 1.000.000 remained 
in the ponds and troughs at the close of the vear. 

BRINNON (WASH.) SUBSTATION. 

This field station was opened on November 2 for the collection of 
eggs of the late run of chum salmon. During the spawning season— 
from December 4 to January 8—eggs tothe number of 7 410,000 were 
taken. After being eyed these were sent to other stations on Hoods 
Canal to be hatched and the progeny were returned to the Duse- 
wallops River in the advanced fry stage. While such transfers of 
eggs and fry involve some extra labor, they undoubtedly result in 
economy, as the expense of operating pumps and maintaining the 
Brinnon substation during the time required to incubate the eggs 
and develop the fry would exceed the cost of the transfers by a 
wide margin. 

DUCKABUSH (WASH.) SUBSTATION. 

There were distributed from this point during the year upward 
of 14,500,000 fry and fingerling fish, the species including chum 
salmon, silver salmon, and steelhead, and approximately 1,250,000 
young fish were left in the ponds and troughs at its close. 

In July and August a rack was installed in the Duckabush River 
near its mouth for the capture of spawning fish from the early run 
of chum salmon. Because of its low banks rack construction on this 
river is not an easy matter, and any barrier tending to impede the 
flow of the stream must be carefully watched to prevent damage 
from overflow on to adjacent agricultural lands. During the 
month of September 10,870,000 eggs were taken, and as this num- 
ber, together with the eggs expected from the Brinnon collecting 
station, would fill all the hatchery space available, the collections 
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were discontinued though spawning fish were still plentiful. Eggs 
received from Brinnon numbered 5,501,000, and late in December 
80,000 eggs of the late run of chum salmon were taken at the trap on 
the station grounds. 

While the run of silver salmon in Duckabush River appeared from 
all observations to be greater than that of an average season, the 
number of eggs secured would seem to indicate the contrary. This 
is explained by the unfavorable water stages, which interfered with 
the work to such an extent that only 97 female fish were taken. This 
stock yielded 260,000 eggs. An additional lot of 780,000 eggs of 
this species, an overflow from the Birdsview station, was also in- 
cubated. During the spring months 255,000 steelhead eggs were 
obtained from fish entering the traps. 

QUILCENE (WASH.) SUBSTATION. 

The egg collections from fields in the vicinity of the Quilcene 
station during the year amounted to 9,475,000, the species including 
chum and silver salmon and the steelhead. In addition to this stock, 
eggs to the number of 4,107,290 were acquired by transfer from other 
fields, 1,657,290 of them being humpback-salmon eggs taken in 
Alaska waters by employees of the State of Washington. All eggs 
handled were successfully incubated, and the aggregate output 
totaled 11,451,200 advanced fry and fingerling fish divided as to 
species as follows: Chum salmon, 8,729.580; humpback salmon, 1,483,- 
790; silver salmon, 752,275; steelhead, 545,555. In addition to the 
distributions made, 1,310,950 fingerling fish remained on hand at the 
close of the year. 

SULTAN (WASH.) SUBSTATION. 

As at the Birdsview station, low-water stages at spawning time 
seriously interfered with egg collections during the early fall. Thus 
only 79,000 chinook-salmon eggs could be obtained. these being taken 
between October 25 and November 4. As at Birdsview, also, the 
streams reached their normal level before the peak of the silver-sal- 
mon spawning season had passed, and under these improved con- 
ditions 4,065,000 eggs were taken, the collections being made between 
October 25 and January 138. This stock exceeded last year’s col- 
lection by more than 1,700,000. Because of lack of hatchery space 
650.000 of the eggs were sent to the Quilcene station for incubation. 
An average collection of steelhead eggs was made during the spring, 
the spawning season extending from April 8 to June 4. 

QUINAULT (WASH.) STATION. 

[PuiILo B. HAwtey, Superintendent. ] 

In accordance with plans previously outlined for this station, 
sockeye-salmon propagation, the principal item of the fish-cultural 
work, was omitted during the fiscal year 1923 except for the dis- 
tribution of 944,000 fingerlings of that species which had been carried 
over from the previous year. The distributions also included 78,000 
steelhead fingerlings, the product of the preceding year’s egg col- 
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lections, and 45,000 black-spotted-trout fry, the eggs of which had 
been transferred from the Yellowstone National Park. ‘The only 
eggs collected for the station were 410,000 of the steelhead taken at 
the trap during May in connection with the salmon census. The 
progeny of these were still on hand at the close of the year. 

The counting weir was installed and ready for operation by March 
17, 1923. The first count was made three days later, and from then 
on to the end of June counting was a daily occurrence. The results 
of the work during this period, together with a record of the daily 
count for the corresponding portion of the preceding year, are in- 
dicated in the following table: 

Daily count of sockeye salmon entering Quinault (Wash.) Lake during the 
fiscal year 1923, showing number of fish marked by gill nets each day. 
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| 
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Date. Date. 

Total pace Total Marked Total ae Total sey : 
counted. aptel counted. aie counted. aa counted. nicial 

Mian 3206s: 05 > 170 8 996 63 
PAU Bp IS 587 33 874 95 
POSTE LA 246 | 30 719 43 
DOP ei 550 43 iu! 62 
BAe eereds 500 | 45 1, 201 127 
DOP. teen 700 35 1, 896 184 
2G he we ae HC ¥ > (ROSE le | NE a a ah JER ae | 365 15 2, 341 195 
7 fae EG AS PA |e Be BEY Bee WD sh LS eS | LOM 1, 045 48 432 37 
2B ee AD | Sa ND Delis ta ae | SAR A ART PU Natal pe 155 11 1,175 204 

a4 § ee Am Goes Gai ae es | PA Wee cee | 1,951 | 141 1, 056 144 
BORE HOO ee 7. DAN lee a D2 ee eel 2, 389 238 996 168 
5} ee es AD Tes gee Sit Winter ee 23 hee a eM GAO, 169 3, DML 525 

7-N}0) (eas eye 91 5 200) S222 77 Meee ed 4,713 237 3, 403 217 
Dea eeweN 228 9 1th) (Srl ie ee Me 2,101 159 3, 996 288 
Boat 55 3 SAO be Soe 7 li 1, 567 102 2, 334 180 
cre ke 111 3 HOD |Lwo re ese 3 Diy icy ak! hewe, 147 15 2, 351 365 
Deiat pee 132 5 SOO! | Cee sees bet TR 778 45 jfole 469 
Ga tg i 125 3 SIG Spy ese ZO t REL 1, 054 78 5, 261 269 
Coe SN 75 1 OANA NL! SOR ea vo taes 254 9, 569 854 
ch eee 53 ] Cot pl [ese Maa Oi eh eee 6, 200 489 17, 840 1, 500 
oy WPS 120 2 OZ «| 22 e5ask 2 June iDavewese 1,720 | 139 8, 649: 721 

a jes Soa 42 1 91 4 Pe eA ae 3210) 432 4, 812 287 
TUR ee Pee 130 6 122 6 Sep ae sen | 15,080 548 3, 047 321 
122 ee Oe 123 2 60 4 AN We oy ee 1, 620 150 5, 262 283 
7B ea elegy 117 4 97 5 (apa hye Ta 8, O77 605 4, 051 281 
1 Ee ee 66 1 190 Lb GL aceees, 7, 398 | 548 9, 189 1, 199 
Lames ee 1267 4 147 12 APL S 5, 223 | 345 6, 288 566 
GE SAY 64 3 171 14 ae ee 2,'765 || 248 4, 206 368 
Ni ee 135 5 130 17 (uy eh Mod 1, 680 187 4, 316 389 
TBs Lab Pe 63 1 139 12 Oat ee 477 on 3, 918 314 
19) CARTER 4) 90 5 125 18 Liga ths 2,.330 230 4,114 639 
74 i) Seay onl | 80 3 143 18 de SL ce 30) 359 4, 272 622 
7 es ii 26: 122 4 174 27 WTI eee 3, 5384 387 13, 987 1, 497 
22 ee yall 225 3 159 23 L454 seente 2, 760 458 8, 738 783 
PB ye ull LN QD: | Sa acaersc, 177 22 n Rays: ape 9 1, 613 161 7, 109 728 
A Sehr ING 91 3 187 27 LAs Seen 2, 360 245 5, 650 597 
DAFA Ae A 101 4 218 27 REM PS I 1, 120 209 2, 327 140 
ZO seein. F 220 5 130 27 LQ ee ae 930 94 1, 336 48 
ARN. lear 53 3 243 | 42 Oe ee R463) 297 1, 202 44 
7 ea aire 320 13 289 36 | 70 Ci Le 1, 923 178 R41 34 
728 ES OAR 100 4 410 44 || are 1, 008 103 1, 258 33 
3} 0 ee a a 166 5 250 48 PP Hi Sk pao 708 46 781 78 

Wray PT ee 230 6 173 33 QS ads.) 1,688 48 765 39 
iat a 636 33 358 | 57 Dari Eade 1,117 60 709 25 
Speen 4 908 43 870 163 Oneida lll G2) HIRE! 68 910 26 
Cisse s 462 19 1, 039 98 26. were ee 2, 672 48 1, 699 40 
fae 85 4 | 186 13 1,323 | 143 Po fal adel al 1, 510 42 1, 328 33 
(sp Daa 156 10 901 78 ea eden AVE 119 1, 457 22 
{ee RS 150 13 922 | 107 DOE ec ieee | 1, 131 19 1, 094 15 
Se Re 187 8 216 | Cala BU neta Sa 644 15 2, 292 25 
ue 5 bel 5 fh0)880 20.) 1,106 | 147 _——_—— ae 
OReoe 206 14 1, 868 | 139 | Total...) 123;'022 9, 088 | 199, 489 17,735 

11) ae ee 410 19 1, 200 99 | 



PROPAGATION AND DISTRIBUTION OF FOOD FISHES, 1923. 31 

Inasmuch as the run of sockeye salmon in Quinault Lake involves 
a part of two fiscal years, the total run for any one calendar year 
does not appear in the annual reports. Thus, during the calendar 
year 1922 fish were running and daily counts were made during the 
period from March 29 to September 13, 1922, inclusive, and during 
this time 49,466 salmon passed up the river. These, added to the 
count up to and including June 30, 1922, give a total of 248,932 fish 
entering the lake during the full period of the 1922 run. A table 
showing the daily count for this portion of the calendar year 1922 
is herewith appended: 

Daily count of sockeye salmon entering Quinault Lake, from July 1 to Septem- 
ber 13, 1922. 

Date. Count. Date. Count. Date. Count. 
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An estimate of the probable number of fish that will enter the 
lake during the full term of the 1923 run, based on a comparison 
with last year’s figures, would place the total for the calendar year 
1923 at approximately 150,000, or about 61 per cent of the large 
run of the preceding year. 

In the census for both the years referred to fully 7 per cent of the 
fish counted had been marked by the gill nets in use in the commercial 
fishery near the mouth of the river. Probably not less than 50 per 
cent of the fish marked were so badly scarred and lacerated that 
death before spawning time seemed inevitable. This means that 
one-half of the 9,091 net-marked fish passing through the weir be- 
tween March 20 and June 30, 1923, constituted a total loss not only to 
the trade but to the work of propagation. Figuring at the current 
prices for marketable fish, this represents a monetary loss to the 
Indian fishermen of about $2,700. 

The escapement for the calendar year 1922—very nearly 250,000— 
was probably as large as could reasonably be expected, and though 
comparatively little is known on the subject this number would 
seem to insure an ample return at the completion of the life cycle 
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for the maintenance of the species in Quinault Lake, provided the 
fish find congenial spawning areas and the eggs and resulting prog- 
eny are not subjected to untoward conditions. The returns from 
the natural spawning of these years will be of interest to all ob- 
servers. 

During the spawning season of 1922 conditions were apparently 
not conducive to the best results from natural spawning. The cus- 
tomary fall rains were much restricted, and neither Quinault Lake. 
nor its tributaries attained the normal high fall levels. At mo time 
in the course of the spawning period did the lake rise to more than 3 
feet above the average summer stage. Asa result the spawning sock- 
eyes were not induced to ascend to the upper reaches of the larger 
tributaries. Large numbers resorted instead to the smaller streams 
entering the lake, greatly congesting these limited spawning areas, 
while the more extensive grounds in the larger streams received 
only a comparatively few eggs. Never before in the history of the 
station has such a large number of spawning sockeyes entered Falls 
Creek, the small tributary on which the hatchery is located. It was 
estimated that not less than 10,000,000 eggs could easily have been 
taken from this stream alone. 

Reports having reached the station during December that sockeyes 
in considerable numbers were returning to the ocean, an investigation 
was instituted, which indicated that Indians fishing near the mouth 
of the river for silver salmon and steelheads were taking from 30 
to 40 sockeyes daily. All that were examined were typical spawners 
in a much emaciated condition. It was assumed that because of 
the low-water stages they had remained in Quinault River through- 
out the spawning season without entering the lake. 

During November a five-day trip was made along the upper 
Quinault River and its tributaries for the purpose of ascertaining 
the number of fish that had resorted to those waters, the condition 
of the spawning beds, and other relevant information. Some 12 
miles above Quinault Lake the so-called East Fork and the North 
Fork unite to form the upper Quinault River. The East Fork 
contains many small sloughs and shallow gravelly stretches, com- 
prising very fair spawning beds. Sockeyes were noted working on 
these beds as far up as the junction of the Big South Fork with 
the East Fork, about 18 miles above the lake. At some distance 
above this point the river contains a succession of rapids and it is 
doubtful if spawning fish are able to surmount them. 

The North Fork appears to be quite lacking in suitable spawning 
grounds, and no fish were seen in it beyond a distance of 2 miles 
above its junction with East Fork, though the examination was con- 
tinued for a distance of more than 8 miles above that point. 

It was estimated that perhaps 25 per cent of the fish reaching 
Quinault Lake resorted to the upper Quinault for spawning, and 
that not less than 75 per cent of this number remained in waters 
below the forks. During the progress of the investigation Big 
Creek, Merriman Creek, and Inner Creek, all tributaries of the 
upper Quinault River below the forks and from which ege collections 
are customarily made, contained large numbers of salmon. 

Of special interest in connection with the natural reproduction 
of salmon in the upper Quinault River are the changing conditions 
brought about by the destruction of the forests. Local residents 
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describe this river and its principal tributaries of 20 years ago as 
streams of moderate breadth flanked by heavy timber y odlise At 
the present time this territory is subjected to ever-recurring floods, 
and the devastated area resulting from the shifting of channels varies 
in width from one-fourth to one-half a mile, and is noticeable 
throughout the entire distance of 12 miles to the main forks. 

CLACKAMAS (OREG.) STATION AND SUBSTATIONS. 

[HtvGu C. MITCHELL, Superintendent. ] 

The “pack” of canned salmon from the Columbia River during 
the calendar year 1922 was one of the lightest in the history of 
the industry, and the supply of salmon eggs for artificial propaga- 
tion fell off proportionately at all of the Columbia River hatcheries, 
both Federal and State, with the single exception of the State hatch- 
ery at Kalama, Wash. On the other hand, the number of salmon 
reaching the spawning areas in the vicinity ‘of the bureau’s stations 
was much lar ger than might have been expected in view of prevailing 
conditions. 

The intensive fishing to which the Columbia River was subjectect 
during the years 1915 to 1920, inclusive, and the comparatively large 
numbers of fish taken commercially in those years may have been 
factors in reducing the runs of the past two seasons. However that 
may be, there was a marked improvement in the commercial catch 
of chinook salmon at the beginning of the 1923 fishing season, and the 
greater measure of protection afforded immature fish in the ocean and 
river by the recent removal of purse seines therefrom may be expecied 
to ultimately benefit the fishery. 

With the Clackamas station as headquarters, fish-cultural opeia- 
tions were conducted during the fiscal year 1923 at 12 widely sepa- 
rated points in Washington, Oregon, and Idaho. Seven of these 
field stations are permanent, being in active oper ation throughout 
the year, while the others are merely eying stations or egg-col! lecting 
auxiliaries. 

The aggregate egg collections of the group amounted to 35,371,000, 
as against Gai 658,000 the previous year. Of this number 26 755,000 
were chinook salmon; the remainder comprised such species as silver, 
chum, sockeye, and steelhead salmon, and the black-spotted trceut. 
sesides the eggs collected in the various fields, 5,000,000 chinook- 
salmon eggs were transferred from the State hatchery at Kalama, 
Wash., and smaller consignments of brook, rainbow, and lake-trout 
eggs were received at Clackamas from other stations of the | bureau. 

The combined output of the Oregon group of stations in eggs, fry, 
and fingerling fish amounted to 30 540, 800, this number including 
the finger ling. fish carried over from the previous year. The output 
included three shipments of fish eggs to foreign governments, one of 
200,000 chinook-salmon eggs being sent to the Netherlands and two 
of steelhead eggs going to Germany and Argentina. At the close 
of the year approximately 1 00,000 eggs, fry, and fingerling fish 
were still on hand. 

The use of immature salmon eggs as food for fry and fingerling 
fish was continued throughout the year on an extensive scale, the 
station superintendent having found from past experience that this 
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material, when properly cooked and mixed with beef spleen, makes 
a highly desirable food for young salmon. As its cost in the Oregon 
field is very low, arrangements have been made to hold in cold 
storage upward of 10 tons from the 1923 pack of salmon for the 
coming year’s food supply. The superintendent has also found, 
after two seasons’ trial, that feeding young fish only twice a day 
produces equally as good results in growth and vigor as are attained 
by the customary method of administering food more frequently. 
Aside from large quantities of immature salmon eggs, the principal 
food materials during the year consisted of salted salmon, canned 
salmon, and beef spleen. 

CLACKAMAS (OREG.) STATION. 

Seven species of salmonoid fishes are represented in the fish-cul- 
tural work of the year at this station—chinook, silver, chum, and 
steelhead salmon, brook, black-spotted, and lake trout. Egg collec- 
tions from the Clackamas River were made between September 23 
and November 17, 2,750,500 of the chinook salmon being taken, to- 
gether with incidental collections of chum and silver salmon, the 
numbers amounting to 18,500 and 10,700, respectively. Transfers 
from other points included 220,000 brook-trout eggs from Utah, 
about 75,000 black-spotted-trout eggs from the Yellowstone National 
Park, 25,000 lake-trout eggs from Minnesota, 45,000 steelhead eggs 
from the Sandy River auxiliary, and 1,750,000 chinook eggs from 
the Little White Salmon substation. A high percentage of fry was 
produced from all eggs handled except those from Utah. On these 
a rather heavy mortality was experienced and the fry and fingerling 
fish resulting from them were below the average in vigor. 

UPPER CLACKAMAS (OREG,.) SUBSTATION. 

In addition to the usual retaining rack constructed in the river 
just below the milldam, a second rack and a downstream trap were 
installed at Brions Eddy. Though there was a light run of fish and 
illegal fishing was prevalent, 857,000 salmon eggs were secured by 
means of this equipment, and from them a fair percentage of fry 
was hatched and successfully carried to the feeding stage. On the 
night of January 6, when the Clackamas River reached the highest 
stage ever recorded in this region, the hatchery site was practically 
washed away and the small remaining area covered with logs and 
débris. The station buildings suffered some damage and it became 
necessary to abandon the work pending the selection of a new hatch- 
ery site. The fish on hand at the time of the fiood were all released 
in the river in good condition. 

LITTLE WHITE SALMON (WASH.) SUBSTATION. 

Considerable work in the line of improvements and repairs to sta- 
tion property was accomplished during the year at this point, the 
most important being the construction of a new hatchery on the site 
occupied by the two old buildings that have served in that capacity 
for a long term of years. Repairs of a rather extensive nature were 
also made on the water-supply flume, which had been damaged by 
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snowslides during the past winter, when a serious loss of stock was 
narrowly averted. The floods occurring throughout the Columbia 
River Basin in January, 1923, caused some further damage to this 
flume and other property. The new hatchery is a frame ‘str ucture, 
40 by 140 feet in dimensions, on a cement foundation. It is equipped 
with 128 hatching troughs, providing holding capacity for upward 
of 30,000,000 salmon egos during the incubation period. 

In the fall of 1922 the usual fishing operations were conducted, and 
14,261,000 eggs were taken between. September 22 and October 14, 
practically all of them being chinook-salmon eggs, though small 
numbers of chum and sockeye eggs were also acquired. In “addition 
to these collections 5,000,000 surplus chinook-salmon eggs from the 
Washington State hatchery at Kalama were handled. Excellent re- 
sults attended the incubation and rearing operations, and the year’s 
output amounted to 16,743,900 eggs and young fish. Of this number 
12,427,000 were fingerlings from 14 to 3 inches in length. Shipments 
of eyed eggs were made from the Little White Salmon hatchery to 
central station, W ashington, D. C., to the State of Oregon, the Uni- 
versity of Washington at Seattle, Wash. ., to the Netherlands Govern- 
ment, ‘and to other stations of the local group. 

BIG WHITE SALMON (WASH.) SUBSTATION. 

A considerable amount of work in the line of improvement to 
property was also accomplished at this point. The hatchery build- 
ing was moved to a more favorable site, remodeled, and thoroughly 
repaired. As reconstructed it consists of a frame building, 40 by 
100 feet, on a cement foundation. It is equipped with 83 standard 
hatching troughs, having a capacity for approximately 20,000,000 
salmon eggs. 

During the spawning season, extending from September 22 to 
October 10, 6.237,000 chinook-salmon eggs were obtained from local 
spawning areas. Five hundred thousand eggs of the silver trout 
and 235,000 of the brook trout were incubated during the year for 
the Washington fisheries authorities, and the resulting fry turned 
back to the State officers for distribution. The total output of young 
salmon amounted to 6,000,000 fingerlings, ranging from 2 to 3 inches 
in length. 

ROGUE RIVER (OREG.) SUBSTATION. 

. The usual difficulties were encountered in attempting to hold fish- 
ing appliances in the Rogue River during the freshets resulting from 
melting snow in the upper reaches, and conditions would not permit 
of really profitable work in egg collecting until August 9. From 
that time until the racks were destroyed by spring floods in the 
following May fishing operations were diligently prosecuted. The 
egg collections, including a small number taken in Elk Creek below 
the dam were: 

Number of eggs. 

Chincok Salmon.) ' se ae) eae eer ee ee 12385, 000 
LENT TYE Ia Ss oD I ad ae et ee 354, 700 
Blaek-spotted: «to uti dete ee oo ee : Ra ae 33, 900 
SSUES MLN ON: 22 ena ne ri ge eS 8 fu 3 20, 500 

PEO Gel oe ee a ee ee eh EE 1, 644, 000 
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APPLEGATE CREEK (OREG.) SUBSTATION, 

Fish-cultural operations at this point involved the silver salmon 
and the steelhead. The spawning season of the former extended 
from November 28 to January 16, while eggs were taken from the 
other species between January 16 and May 16, the collections 
amounting to 2,458,000 and_ 3,266,000, respectively. The changes 
made in the fishing racks during the past season proved highly 
satisfactory, and this improvement, together with the favorable 
climatic conditions prevailing throughout the season, made it pos- 
sible to secure a very fair collection of eggs. 

The usual transfers of eyed eggs were made, including steelhead 
eggs, to the Rogue River station, ‘the Oregon State hatchery at Butte 
Falls, Oreg., and to eastern applicants. The retained eggs produced 
a remarkably high percentage of fry, all of which were successfully 
reared to fingerlings No. i and No. 2 before releasing in local 
streams. About 600,000 fingerling steelheads remained on hand at 
the end of the year. 

SANDY RIVER (OREG.) SUBSTATION. 

The previous year’s fish-cultural operations at the Sandy River 
site having proved eminently successful, it was dined” advisable to 
establish a permanent substation at that point. With this end in 
view a hatchery building, 29 by 58 feet, of frame construction on 
a cement foundation, a water supply line, and a four-room cottage 
were constructed and made ready for the work in advance of the 
spawning season. 

The numbers of chinook and silver salmon reaching the racks 
were small as compared with last year’s run, the decline being at- 
tributed to the diversion of a considerable portion of the river water 
supply to the operation of a hydroelectric plant in the vicinity. Not- 
withstanding this handicap, chinook-salmon eggs to the number of 
461,900 were secured, the spawning season extending from August 
22 to December 7. Water conditions in the river were improved 
during the spring months, and between March 31 and the end of 
the first week in June 832,600 steelhead and 330,600 silver-salmon 
eges were collected. 

The Sandy River substation is located near the base of Mount 
Hood, and the winters are.sometimes so severe that slush ice occurs 
in the river. Taking this fact into consideration, provision has 
been made for the construction of a flume to conduct water from 
the river and also for an auxiliary flume between the hatchery and 
Spring Creek. By this means the possible failure of the water sup- 
ply during periods of intense cold is guarded against. 

Under normal conditions there is a “wood run of the highly prized 
chinook salmon, and also of the steelhead in Sandy River, and the 
site gives promise of fruitful results at a low cost for maintenance. 

WASHOUGAL RIVER (WASH.) SUBSTATION. 

This eying station was in operation during the spawning season 
of the steelhead, from April 13 to May 23, during which period 
834,000 eges were taken. A heavy run of fish passed up the river; 
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but, as in previous seasons, large numbers of them were not sexually 
mature. All immature fish taken were carried above the dam and 
released. 

SALMON (IDAHO) SUBSTATION. 

With the recently constructed buildings near Salmon, Idaho, as 
headquarters, temporary egg-collecting stations were established in 
this field on the Lemhi, Pahsimeroi, and Yankee Fork Creeks, and 
at Sunbeam Dam. The run of salmon was light at all points, but 
especially so at Yankee Fork, and the work there was abandoned 
early in the season, it being apparent that eggs could not be ob- 
tained in numbers sufficient to warrant the expense of maintaining 
racks. 

After being developed to the eyed stage, the eggs collected from 
the various streams in this region were transferred to the hatchery 
at Salmon for incubation. The year’s distributions from this sub- 
station included 1,124,700 chinook salmon, 236,000 rainbow trout, 
and 99,000 brook trout, all fingerlings. The output of the two species 
of trout was the result of transfers of eggs made from other stations. 
A further examination of the Salmon River district was made 

during the year, and from the evidence obtained on this and previous 
trips it appears certain that at least a majority of the sockeyes in 
the Columbia River originates in lakes in the Sawtooth Mountains. 
The species was first observed in the Salmon River, near Bay Horse 
Canon, in August, and at Sunbeam Dam some 10 days later. It was 
further noted that salmon entered most of the tributaries of the 
three rivers inspected. It is not probable that fish enter all these 
streams in large numbers, but at the time of the inspection each 
stream appeared to have a run. 

BAIRD (CALIF.) STATION AND SUBSTATION. 

[W. Kk. Hancock, Superintendent. | 

The results of the year’s fish-cultural work at all points in the 
California field were discouraging in the extreme, the egg collections 
and the output of young fish being the smallest since the inception 
of the bureau’s fish-cultural operations in the State. 

While extremely low water stages prevailed everywhere in this 
region during the spawning season, hampering the run of fish, and 
other climatic conditions were not altogether favorable, the very 
unusual scarcity of fish on their wonted spawning areas can hardly 
be attributed to natural causes alone. The principal reasons for the 
decline must, for the present at least, be the subject of conjecture. 
Among the theories advanced have been (1) excessive fishing by 
purse seines in the lower Sacramento River and (2) loss of fish 
through their entrance into the numerous irrigating ditches recently 
constructed. 

Peculiarities noted in connection with the season’s work at both the 
substations in the California field were the large size of the few 
spawning females taken and the excessive numbers of undersized 
and immature males present. However, at the Baird station, on the 
McCloud River, the mature females exceeded the males in number. 
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BAIRD (CALIF.) STATION. 

During the month of April, 1922, racks were installed in the Mc- 
Cloud River with the object of securing for incubation eggs of the 
spring run of chinook salmon. Throughout the spring and summer 
there seemed to be no well-defined run of salmon, but a few fish 
reached the barrier every day during the season. Spawn-taking 
operations extended from September 8 to September 29, by which 
time 1,521,000 eggs of good quality had been laid down in the hatch- 
ing troughs. This number compares favorably with the work of the 
past few years. 

Because of the depth of water and the uneven nature of the bottom 
of the poo] in which the fish were held pending the development of 
their eggs, it was not an easy matter to capture them for spawn 
taking. They refused to enter the traps, and gill nets were ineffec- 
tive. Seining after dark proved to be the best method, though a 
considerable number evaded any method of capture that could be 
devised, and these were finally permitted to pass the racks to spawn- 
ing sites of their own selection. 

Even for that arid section of the State the season was an unusually 
dry one, and water for the hatchery through the gravity supply ditch 
was not available. To avoid the expense of pumping water from the 
river an improvised battery of troughs was set up on the grounds 
and supplied with water from a small spring. By careful manage- 
ment this small amount sufficed until the eggs had about completed 
hatching, by which time it became necessary to move the stock into 
the hatchery and start the pumps. From October 6 until the last 
of the fish had been distributed, in March, the pumps were kept in 
continuous operation, the necessary amount of water not being 
available from any other source. 

At the close of the spawning season of the spring run of salmon 
the racks were removed from the river, as appearances did not. in- 
dicate that the fall run would be of sufficient importance to warrant 
the cost of egg collections. Furthermore, after the customary fall 
rains set in it is only with the greatest difficulty that racks can be 
maintained in the McCloud River, and should the expected rains 
fail, as proved to be the case, the available water supply is sufficient 
only for the eggs already on hand. The racks were again installed 
during April, 1923, for the interception of the spring run of the 
succeeding season. 
A close watch was kept on the dam in the Sacramento River near 

Redding, to note the effectiveness of the openings in the “splash 
boards ” in permitting the passage of fish. The station superintend- 
ent has expressed the opinion that these openings probably serve 
their purpose as adequately as could the conventional fishway. He 
states that such fish as find the openings pass readily over the dam, 
but that a large number fail entirely to find them, and are thus 
prevented from reaching suitable spawning places. 
During the year reports reached the superintendent to the effect 

that adult salmon in numbers were entering the irrigation ditches. 
Such reports could not be substantiated, however, and the several 
visits made to the points complained of indicated that the screens 
were intact and properly installed. 
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BATTLE CREEK (CALIF.) SUBSTATION. 

As at the Baird station, the season at this point was marked by 
searcity of rainfall, with low-water stages in all the surrounding 
streams. The fishing racks were installed as usual, but active fishing 
operations, conducted from October 19 to November 28, resulted 
unsatisfactorily. Seining on the riffles in the Sacramento River below 
the mouth of Battle Creek proved equally unremunerative, and when 
the attempt was finally abandoned there were 1,587,000 eggs in the 
hatchery. 

As previously mentioned, the season’s run of fish was unique, both 
on account of its small size and because of the nature of the fish 
comprising it. The few sexually matured females taken were un- 
isually large, yielding an average of 6,000 eggs per fish. However, 
the majority of the run was composed of immature males. 

In past years attempts have been made to procure eggs of the 
spring run chinook salmon at various points on Battle Creek, but 
the attempts have never met with success. The early run appears 
in the stream in the spring or early summer, but the fish are not 
In spawning condition “until late A ugust or early September. The 
great difficulty thus far encountered in this field has been to find 
a suitable place with a sufficiently low water temperature for holding 
the fish through the hot summer months pending the maturity of 
their eggs. 

Tt has been ascertained that the water temperature below the dam 
of the Coleman Power Co. plant, some 4 miles from the Battle 
Creek hatchery, averages from 5° to 6° lower throughout the entire 
summer than at any of the other points investigated. Because of 
this favorable condition it seems probable that successful work may 
be accomplished below the dam, and with the view of determining 
this point racks were installed late in May for holding a limited 
number of fish for observation. 

MILL CREEK (CALIF.) SUBSTATION. 

The total take of chinook-salmon eggs at this point amounted 
to 791,000, being the smallest secured since fish-cultural work was 
first inaugurated there. The reasons ascribed for the failure of the 
fish to appear have been mentioned, but they are far from satisfac- 
tory.. The drought conditions extended to this station, but in Au- 
gust, when the racks were installed, the creek was entirely dry, all 
of the natural flow having been diverted for irrigation purposes. 
Spawn taking began October 29 and was continued ‘to December 27. 
As at Battle “Oreek, practically the entire run of fish appearing at 
the racks in Mill Creek was composed of immature males. 

a 

GREAT LAKES FISHES. 

The territory covered by the work in the propagation of the 
commercial fishes coming under this head extends from Lake Su- 
perior on the west to Lake Champlain on the east, and, with the 
possible exception of salmon propagation, it is the most important 
branch of the bureaw’s fish-cultural activities. The commercially 
valuable fishes of the Great Lakes are the lake trout, whitefish, 
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cisco, and pike perch. In addition to these, carp and yellow perch 
have become commercially prominent and large numbers of their 
eges are hatched annually and the product returned as fry to parent 
waters. The total egg collections of this group of stations in 1923 
was approximately 1,082.000,000, showing a decrease of about 467,- 
000,000 as compared with this branch of the work last year. The 
largest part of this decrease occurred in the cisco and pike perch, 
and the principal causes for it may be attributed to unseasonably 
cold weather during the spawning period and lack of sufficient funds 
for prosecuting the work to its fullest extent in some of the fields 
occupied. Owing to the latter circumstance the pike-perch hatchery 
at Swanton, Vt., was not operated. 

DULUTH (MINN.) STATION. 

[S. P. Wires, Superintendent. ] 
\ 

Collections of eggs of the lake trout for stocking the Duluth 
hatchery were made at the usual field stations in Lake Superior 
during the fall, the spawning period extending from September 25 
to November 15. Eges to the number of 16,132, 000 were secured, 
and on November 25 this stock was increased by the receipt of 
6,000,000 green eggs from the Charlevoix (Mich.) field. The eggs 
from Lake Superior were of good quality, but for some reason the 
transferred eggs were ex <ceptionally poor. Eyed eggs to the number 
of 525,000 were furnished to applicants, and 250, 000 were forwarded 
to other stations of the bureau; the remainder were hatched and the 
product returned to the spawning grounds in Lake Superior, the 
distributions aggregating 13,170,000 ‘fry and 85,000 No. 1 fingerling 
fish. 

The whitefish eggs handled during the year—5,060,000—were col- 
lected in connection with the lake-trout work at Isle Royale, Mich. 
Notwithstanding the act that they were secured under rather un- 
favorable conditions, 2 2,770,000 fry of excellent quality were hatched 
from them and returned as fry to the native spawning grounds. 

As a result of cooperative w ork between the station and the Minne- 
sota Fish Commission in the collection of pike-perch eggs in the 
Rat Root River region of Minnesota, the station received as its share 
of the proceeds 25,000,000 eggs, 5,000,000 of which were eyed. The 
green eggs, received May 5, appeared to be in good condition on 
delivery, but within 48 hours after installation in jars it was dis- 
covered that the loss would be heavy as not more than 15 per cent 
were fertilized. From the entire stock 7,630,000 fry of good quality 
were hatched and distributed, going to applicants in Minnesota, 
Wisconsin, and Michigan. 

The brook trout listed in the distributions from the Duluth station 
resulted from 147,000 eyed eggs acquired by purchase from a com- 
mercial breeder, while the rainbow trout were carried over from the 
hatch of the preceding year. A consignment of 100,000 steelhead 
eggs, received from one of the bureau’s substations in Oregon on 
May 24, yielded a total of 90,000. fry and fingerling fish. 

Of passing interest in connection with the incubation of the lake- 
trout eggs was the unusually large percentage of albinos resulting 
from a lot of eggs obtained at Isle Royale, Mich. These eggs—about 
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100,000 in number—arrived at the station early in October, and ap- 
proximately 5 per cent of the 70,000 fry hatched from them were 
albinos. So far as could be learned there was nothing unusual in 
the appearance of the parent fish. The albinos were reared with 
the colored fish without undue loss. 

NORTHVILLE (MICH.) STATION AND SUBSTATIONS. 

[W. W. THaAyer, Superintendent. ] 

NORTHVILLE (MICH.) STATION. 

Distributions of smallmouth black-bass fingerlings Nos. 2 and 3 to 
the number of 14,475 were made during the first month of the fiscal 
year, and in October the brood stock of this species was increased to 
a total of 500 by the addition of 100 adult fish derived from collec- 
tions in Lake Erie. In the spring, when the water in the ponds 
containing these fish was drawn down, only about 300 could be found. 
It is impossible to account for the shortage, as no such loss of brood 
stock has ever occurred heretofore. The available adults were in- 
stalled in spawning ponds on May 3 and began nesting a few days 
afterwards. On the evening of May 8 a heavy snowstorm of 24 hours 
duration set in, causing a drop in water temperature from 65° to 41° 
and destroying all nests of eggs in the ponds at the time. As soon as 
the temperature returned to normal spawning was resumed, and in 
the course of the season 75 nests of eggs were deposited. At the 
close of the year 48,500 bass fry and fingerlings No. 1 had been 
gathered from these ponds and distributed, and it was estimated 
that about 50,000 were still available. 

To relieve the conditions existing at the Alpena substation in 
connection with an unsuitable water supply, part of the green lake- 
trout eggs at that point were transferred to Northville and carried 
until they were near the hatching stage, when they were returned to 
Alpena. 

During the winter 345,120 eyed brook-trout eggs were received 
from a commercial dealer in Massachusetts. These were of fine 
quality and produced a good percentage of healthy fry. <All but 
28,000 of these fish had been disposed of before the end of the year. 
The station also handled -126,000 eyed rainbow-trout eggs furnished 
by the Michigan fisheries authorities. The fry produced from these 
were still on hand at the close of June. 
A brood stock of adult bluegill sunfish, collected from a lake near 

Vicksburg, Mich., was installed in a spawning pond early in May. 
A few nests were observed in this pond during the spring, but the 
results of the experiment can not be determined until the water is 
lowered in the fall. 

CHARLEVOIX (MICH.) SUBSTATION. 
’ 

In arranging for the collection of lake-trout eggs for filling the 
Charlevoix hatchery the procedure of past years was followed so far 
as was possible, experienced men being stationed at the best fishing 
ports on Lakes Michigan and Huron to instruct local fishermen as 
to the proper manner of taking spawn and caring for it during the 
early stages. However, a suflicient number of men experienced in 
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the work could not be found to cover all fields and at some points 
local help had to be employed to perform this important duty. 
Under such circumstances it was impossible to secure a uniformly 
good grade of eggs, and while the season’s collections—amounting to 
55,640,000—were considerably in excess of the total of any year in 
the recent past, their quality was far below the desired standard. 
The collecting season extended from October 31 to December 22, and 
the incubation of the eggs was completed at the expiration of 140 
days in a mean water temperature of 38.5°. 

The salt-solution process was employed almost throughout the 
season for separating poor eggs from the good ones, thereby effect- 
ing a large saving in the employment of temporary help. In con- 
nection with the work it was discovered that good eggs were being 
carried out.of the troughs with the discarded ones, and a method 
was at once devised and put in operation by the assistant in charge 
of fish culture, which conserved practically all good eggs. 

Collections of whitefish spawn were made at various points In 
Lake Michigan between November 16 and December 30, the season’s 
total aggregating 16,660,000. This stock was augmented in Decem- 
ber by the receipt of the partially incubated eges from the Alpena 
hatchery, though most of the transferred eggs were returned to that 
point just prior to the hatching stage. The incubation of the eggs 
was completed at the end of 180 days in a mean water temperature 
of 39°. In order to effect any considerable improvement in white- 
fish propagation in this region it will be necessary to provide penning 
facilities at suitably located points for the holding of the partially 
ripened fish until their eggs are fully matured. Some investigations 
are now being made with the view of establishing several of such 
stations as soon as funds are available for the purpose. 

Early in,April 15,827 eyed eggs of the landlocked salmon were 
received from the bureau’s Craig Brook (Me.) station. They were 
hatched with not more than normal losses and carried in good con- 
dition until about the time when the sac was absorbed. at which pe- 
riod the water supply became polluted from the exhaust of the city 
water-works engine and one-third of the stock was lost. he re- 
mainder was delivered to an applicant for that species. 

ALPENA (MICH.) SUBSTATION. 

While whitefish and lake-trout eggs are collected annually in the 
Alpena field, for several years past no attempt was made to incubate 
them in the Alpena hatchery, as the city water supply, upon which 
the substation is dependent, was so heavily charged with chlorine: 
as to be very injurious to eggs or fry held in it. Having received 
information that the conditions in this respect had improved some- 

what, the hatchery was stocked by the bureau during the fall of 

1922 with whitefish and lake-trout eggs secured in the immediate: 

region. It quickly developed, however, that the water supply was 

still detrimental, and all stock on hand had to be transferred, being 

divided between the hatcheries at Charlevoix and Northville. Act- 

ing on advice from the city authorities that the contemplated opera- 

tion of a filtration plant in course of construction would obviate the 

necessity of chlorinating the water after March 1, 1923, the eggs: 

sent to other points earlier in the season were returned to Alpena: 
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just prior to the hatching stage with the view of effecting some 
economy in the distribution of the product. Owing to a delay in 
starting the plant the use of the chlorine was not discontinued, and 
to avoid the threatened loss of the entire stock all eggs and fry im 
the hatchery were liberated on March 23 on the local spawning 
grounds, after which the hatchery was closed. 

PUT IN BAY (OHIO) STATION. 

{S. W. DownineG, Superintendent. ] 

The season’s arrangement for the collection of whitefish eggs 
in the Lake Erie fields having been completed by early November, 
it was deemed advisable to place men in the collecting areas around 
Toledo and Port Clinton in advance of actual spawn-collecting 
operations to give instructions to the various fishermen as to the 
proper manner of taking the eggs and caring for them until they 
could be turned over to the bureau’s agents. Between November 
14, when the first eggs were taken, and the close of the season on 
December 4 the collections amounted to 242 (20,000, approximately 
143,000,000 less than were secured last year. Of this number 104,- 
000,000 were obtained in the Port Clinton field; North Bass Island, 
the field of next importance, yielded 75,000,000; 17,720,000 were 
taken in the vicinity of Middle Bass Island; while collections only 
a little in excess of 15,000,000 for each field were secured in the 
neighborhood of Toledo and Catawba Island. Slightly more than 
11,000,000 were taken in the vicinity of Put in Bay, while at Pelee 
Island, Canada, 3,440,000 were secured. 
The comparatively poor results of the work are attributable to 

the natural conditions existing during the spawning season. The 
water seemed to contain a great quantity of shme, and the spawning 
fish and the eggs had a decidedly soft, shimy feeling. The eggs failed 
to harden properly even under the most careful treatment. Infor- 
mation was received to the effect that the same conditions were met 
with throughout the Great Lakes region, but the situation is be- 
lieved to have been intensified in the Lake Erie fields, both by the 
unusually high water temperatures prevailing and by the steady 
westerly winds, the latter resulting in such low water stages at the 
western end of the lake that the sediment and slime at the bottom 
were washed up and mingled with the general supply. Late in the 
spawning season, after the winds had subsided, the water cleared 
and there was a noticeable improvement in the quality of the eggs 
taken during that period. 

Of the eggs collected, 28,000,000 were shipped direct from the 
field to the Erie hatchery of the Pennsylvania Fish Commission, and 
22,400,000 fertilized eggs were planted on reefs near the Put in Bay 
hatchery; 3,000,000 eyed eggs were forwarded to applicants and 
other hatcheries of the bureau, and from the remaining stock 100,- 
000,000 fry were hatched and liberated on the spawning grounds. 
On account of the poor quality of the eggs as a whole, the ‘percentage 
of hatch was about the lowest ever recorded at the station. 

Early in the spring all prospects for a good collection of pike- 
perch eggs appeared favorable. The ice disappeared from the west- 
ern end of the lake early in March, and for the first time in several 
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years the fishermen were able to set their nets at the beginning of 
the open season. The weather turned cold a few days afterwards, 
however, and the anchor ice formed by the heavy winds and snow 
became attached to the nets in large quantities, causing them to 
float, and some of them drifted away with the current to such a 
distance that they were never recovered. The spawning season ex- 
tended from April 19 to May 6, and the storms prevailing through- 
out this period injured the nets so badly that the time of the fisher- 
men was largely employed in making repairs, to the detriment of 
egg collections. Of the season’s total aggregating 192,440,000— 
egos to the number. of 37,275,000 were delivered in the green state 
to the Ohio Fish Commission, and 4,500,000 eyed eges were shipped 
on assignment. The fry resulting from the remainder—amounting 
to 51,800,000—were liberated in the vicinity of the collecting fields 
in Lake Erie. 

In connection with the pike-perch work, 900.000 eggs of the sauger 
(Stizostedion canadense) were obtained from fish taken in a trap 
net. These were incubated in the hatching jars without any diff- 
culty and almost without loss, yielding over 90 per cent a healthy 
fry. The eggs are heavy, slightly adhesive, and measure 17 to the 
linear inch after being fully water hardened. All previous experi- 
ence with sauger eggs “at this station has been with spawn from fish 
taken in gill nets, and though the eggs have invariably been handled 
with the utmost care, in no instance have any fry ever been hatched 
from them. This would seem to indicate that the manner of cap- 
turing the fish has much to do with the quality of the eggs. The 
season's collections also included 3,440,000 yellow-perch eggs. from 
which 3,000,000 fry were hatched and planted. 

Very successful results were obtained in the propagation of carp. 
Eggs of this species were taken between June 1 and June 20 and a 
total of 160,500,000 was secured, this record exceeding that of any 
previous year since the inauguration of the work in 1918. The field 
of collection was extended to Sandusky Bay, where spawning fish 
were found to be very plentiful, and by this means a far greater 
number of eggs was secured than would have been possible from the 
Portage River alone. All eggs taken were of excellent quality and 
yielded a good percentage of fry. In making the distributions the 
fry were e liberated over a distance of 12 miles in the Portage River, 
from Port Clinton to Oak Harbor. 
A very unusual difficulty was encountered about the middle of 

December. Minnows in immense numbers, moving along the shores 
of the lake, were taken up in the water supply suction and carried 
against the screens of the tanks, which became so clogged with them 
as to be of no practical use. A few strokes of the pump would result 
in complete obstruction, and for three nights the entire station force 
was occupied in keeping the spigots free ‘of minnows. 

During the year the station steamer was placed: in dry dock, all 
barnacles and rust removed, and the bottom painted with two coats 
of tar thinned with turpentine and applied with a common paint 
brush. This material has been used for several years for this pur- 
pose and has been found to be entirely satisfactory. 
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CAPE VINCENT (N. Y.) STATIGN. 

[J. P. SnNypur, Superintendent. ] 

The repair work in progress at this station at the opening of the 
fiscal year was completed during the summer. Among the more 
important items accomplished were the following: Construction and 
installation in the fry building of two plank metal-lined tanks 17 
feet long, 36 inches wide, and 30 inches high; removal of a defective 
hardwood supporting timber in the basement of the hatchery and 
replacing it with a new one; placing metal plates along the water 
line forward to protect the planking of the launch Curlew, and in- 
stalling an electric-lghting plant on this launch. There being an 
excess of exhaust steam above the amount required for heating the 
hatchery, an underground exhaust-steam line was run to the resi- 
dence and connected with the heating plant. The return pipes were 
carried back to the hatchery, where provision was made to use the 
hot condensed water in the boiler again. 
A new 28-foot pound-net boat was purchased in advance of the 

fish-cultural season. This boat has a 9-foot beam and is equipped 
with a 14-horsepower, 2-cylinder, 4-cycle Regal motor. The shaft is 
fitted with a universal joint to permit the lifting of the wheel when 
running through shallow water. 

The season’s fish-cultural operations began on October 17 with 
the taking of the first lake-trout eggs in the Pigeon Island, Canada, 
field. The collections extended to November 12 Y, and as they were 
conducted under favorable weather conditions more eggs than usual 
were secured, the total amounting to 1,281,000. Of these, 60,000 
were shipped in the eyed stage, and the losses on the remainder to 
the time the resulting fry were distributed amounted to 11 per cent 
of the eggs retained for hatching. Very poor results were attained 
from a consignment of 4,880,000 green lake-trout eggs received in 
November from the Charlevoix ( Mich.) substation. Nearly half 
of them were dead on arrival, and the losses continued heavy up to 
the middle of January. The output from this shipment amounted to 
480,000 eyed eggs and 595,440 fry. 

Permission having been obtained for the collection of whitefish 
spawn from nets operating along the Canadian shore of Lake On- 
tario, work was undertaken on the 1st of November at Bygotts Point 
and Deseronto, in the Bay of Quinte, and at a later period in the 
South Bay field. No eggs having heretofore been available on these 
grounds prior to November 3, it was assumed that the landing of the 
spawning crew on November 1 would be sufficiently early, but on the 
arrival of the men it was learned that the fish had been spawning 
for several days and that considerable numbers of eggs had been 
lost. No explanation can be offered to account for this spawning, 
as the season began later than usual in the field near South Bay, 
Ontario, and also in Chaumont Bay, in the New York waters of the 
lake. Notwithstanding these losses of eggs the jars in the Cape 
Vincent hatchery were filled to capacity before the season closed, and 
77,009,000 additional eggs were furnished to the Canadian and New 
York fisheries authorities. The total collection for the season ag- 
gregated 228,650,000, of which 214,000,000 were obtained in the 
Canadian fields, and 14,650,000 in Chaumont Bay. 



46 U. S. BUREAU OF FISHERIES. 

In the incubation of these eggs considerable difficulty was ex- 
perienced from the presence of a parasitic or fungoid growth, which 
interfered with the proper separation of the dead from the living 
eggs. As the season advanced the eggs became so coated with this 
hairlike formation that they would not lie together closely in a 
uniform mass but were more or less suspended in the water current. 
To overcome this tendency the jars were taken down and the eggs 
screened and washed. This improved matters for a short time, but 
within a few days the treatment had to be repeated. This constant 
screening and washing, which had to be resorted to throughout the 
incubation period, not only involved much additional labor but it 
is believed also to have increased the percentage of mortality. 

Cisco eggs to the number of 76,800,000 were collected between 
November 22 and December 9 in Fairhaven, Sodus, and Chaumont 
Bays, in New York waters, the first-named bay furnishing the bulk 
of the collections. Although the catch of cisco by commercial fisher-, 
men during the summer and early fall was above the average, for 
some unexplained reason the take during the spawning season was 
far below normal and egg collections were correspondingly reduced. 
On the development of the eggs to the eyed stage a shipment of 10,- 
000,000 was furnished to the Michigan Department of Fisheries, and 
from the remainder 39,000,000 fry were hatched and distributed on 
the spawning grounds in Lake Ontario. Part of the losses on these 
eggs was due to the fungoid growth referred to in connection with 
the whitefish work. : 
During the winter the station received 553,000 brook-trout eggs 

from commercial hatcheries and distributed the product in the fry 
stage. A very satisfactory percentage of hatch was attained and the 
resulting fry did well up to the early part of April, when a weakness 
developed. Grouped together the young fish presented a whitish 
cast, and under the magnifying glass patches of mold or fungus 
became apparent. All except the more badly affected ones were 
restored to normal condition by applying a salt bath and then plac- 
ing them in a village water supply. 

In the course of the year the station received and hatched 100,000 
eyed rainbow-trout eggs received from the Michigan Department of 
Fisheries, and 1,500,000 pike-perch eggs transferred from the Put 
in Bay (Ohio) hatchery. Under permit from the New York Con- 
servation Commission several hundred brood yellow perch were cap- 
tured in the St. Lawrence River and from them 1,000,000 eggs were 
collected, the adult fish being returned to the river at the end of the 
spawning season. The eggs were incubated in sunken wire baskets 
and the resulting fry were returned to the local spawning grounds. 

BRYANS POINT (MD.) SUBSTATION. 

[L. G. Harron, Superintendent. | 

Between the 4th and the 18th of March a total of 17,999 brood 
yellow perch was collected and installed in live cars near the Bryans 
Point station to serve as a source of egg supply for the hatchery. 
The fish spawned daily from March 18 to March 30, yielding 146,- 
560,000 eggs, of which 9,165,000 were shipped, one consignment of 
7,800,000 going to the Neosho (Mo.) station and the remainder being 
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divided between the Wytheville (Va.) and Erwin (Tenn.) stations. 
From those retained 130,525,000 fry of excellent quality were hatched. 
With the exception of 2,000,000 fry, which were forwarded to a fish 

and game protective association at Phoenix, Pa., the entire output 
of the station was returned to the spawning grounds in tributaries 
of the Potomac River. 

BUFFALOFISH. 

ATCHAFALAYA (LA.) SUBSTATION. 

[Cc. F. CuLurr, in charge.] 

The work of putting this substation in readiness for buffalofish 
propagation was taken up on January 17 by a force of detailed em- 
ployees under the immediate direction of the field foreman of the 
Mississippi River rescue station. Eggs were taken from February 
15 to March 5, but natural conditions in general were unfavorable. 
The spawning of the fish was retarded and the egg supply curtailed 
by the prevailing cold weather, and the quality of the eggs secured 
was impaired by the abnormally low temperature of the water in 
the hatchery, which at no time during the collecting season attained 
56°. 

Probably because of the unusually high water stages and the low 
temperatures prevailing, the fish deserted their customary spawning 
places almost without exception and sought new ones. On March 5 a 
considerable rise in the Ouachita River resulted in flooding the sur- 
rounding lowlands and polluting the hatchery water with the oily 
and alkaline substances with which this river appears to be charged. 
Under such conditions the run of fish in the Atchafalaya immedi- 
ately ceased and the entire stock of eggs in the hatchery was 
killed. From that time to the end of the season all eggs taken were 
fertilized and immediately returned to the spawning grounds from 

~ which derived, the number thus treated—128,114,500—including the 
bulk of the season’s collections. The total output of fry amounted 
to only 5,925,000, these being the product of the earlier eggs taken. 

In the course of the season an attempt made to incubate eggs in 
water from the recently constructed artesian well at this station 
resulted in failure, the eggs proving a total loss within 24 hours 
after the test was started. The water appeared to be of an oily 
nature and was very roily. Its temperature at the well registered 
72°F. 

The experience gained as a result of two seasons’ efforts on the 
Atchafalaya River would seem to demonstrate the advisability of 
abandoning the present site and relocating the station at some point 
where the quality of the water supply for the hatchery is more 
suitable and dependable. It is believed that such a site can be 
found in the section north of the Red River, and it is recommended 
that an inspection of this territory be made in advance of another 
spawning season. 

MARINE FISHES. 

At the stations engaged in the propagation of the marine fishes 
the work during the year was chiefly concerned with the cod, pollock, 

88453—24—4 
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haddock, and winter flounder. The aggregate output of these 
species amounted to 2,733,337.000 fertilized eggs and fry, this num- 
ber, as compared with that of the previous year, showing a shortage 
of about 570,000,000. Two important spawning grounds of the 
winter flounder—in the vicinity of Newport, R. I., and Nantucket, 
Mass.—were not occupied. Some collections have been made in the 
former field in the past, but in the absence of a suitable boat none 
was undertaken last season. No egg collections have ever been made 
in the Nantucket field, but the information at hand would appear 
to indicate that with proper facilities very profitable returns might 
be expected, as hundreds of tons of winter flounder are annually 
caught around Nantucket and shipped to the market. 

Despite a tendency in some quarters to the belief that the artificial 
propagation of the deep-sea fishes is of little practical value, the 
general trend of opinion among the more prominent fishermen is 
favorable to a continuation of the work. Speaking generally, the 
fishermen are deeply interested and in nearly all cases they are 
zeafous in their efforts to assist the bureau in its egg collections. 
Some years ago most of the fishermen of this region were opposed to 
the placing of spawn takers on their boats. Now they not only permit 
the presence of the spawn takers but assist them in many ways in the 
conduct of their work. 

BOOTHBAY HARBOR (ME.) STATION. 

[E. BE. Hawn, Superintendent. | 

As in past years, everything possible was done during the spawning 
season to secure eggs of various marine fishes but without success 
except in the case of the winter flounder. No pollock were obtain- 
able from the Gloucester field. no haddock or cod could be found 
anywhere along the eastern Maine coast, while alewives came on to 
the fishing grounds in very small numbers and none of them was’ in 
spawning condition. 

The usual preparations were made to take up winter-flounder 
propagation late in February, but all efforts to secure a brood stock 
at this time were rendered futile by heavy ice fields on the fishing 
grounds, abundant snowfall, and freezing weather, these conditions 
predominating up to the beginning of the third week in March. 
On March 20 the first capture of fish was made, and four days after- 
wards the first eggs were taken, the spawning season being fully two 
weeks later than in any preceding year since the station was estab- 
lished. From that time on the outlook brightened. Over 60 fyke 
nets were scattered over an area extending from Casco to outer Penob- 
scot Bay and were vigorously fished to the close of the spawning 
period on May 10, the steamer Gannet attending the more distant 
nets, while those within easy reach of the station were looked after 
by motor boats and dories. 

In the course of the season nearly 5,000 brood winter flounder 
were captured, and as the majority were of unusually large size 
the egg yield was good, amounting to 943,316,000. These were of 
uniformly good quality and from them 866,800,000 fry were pro- 
duced and distributed, the percentage of hatch being a trifle under 
92. The fry were sent out in ordinary transportation cans and 
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planted by means of the station steamer and several motor boats on 
the spawning grounds from which the eggs were derived. 
A peculiarity in connection with the work was the scarcity of 

winter flounder in Linekins Bay, heretofore the most prolific field 
covered by the station operations. This year practically no results 
were obtained from the nets set in-the bay, while those in eastern 
waters yielded a large number of fish of greater than average size. 

During the year a large amount of minor repair and improvement 
work was done on station buildings, boats, machinery, and other 
equipment, practically all of it being accomplished by the statutory 
employees attached to the station. 

A most interesting and educational exhibit of the marine life of 
the region was maintained in the hatching room of the station dur- 
ing the summer months and attracted a large number of visitors. 
The exhibit was discontinued early in September to save fuel. 

GLOUCESTER (MASS.) STATION. 

[C. G, Corniss, Superintendent. | 

A number of important items of repair work were made at this 
station during the year. New joists and new double flooring were 
laid in the hatchery and the roof of the building was reshingled. 
The boiler and pump house was enlarged to permit of the installa- 
tion of a new horizontal boiler and a better arrangement of some 
of the machinery. To increase the amount of working space two 
small wooden extensions set on concrete foundations and conform- 
ing in style to the old construction were annexed to the sides of this 
building, and a concrete pit, 4 by 11 feet in area and 3 feet deep, 
was built into the extension of the pump room for the condenser 
and circulating pump. 

The outer end of the wharf was extended 9 feet along its entire 
front, thus giving greater stability to the entire structure and per- 
mitting of the projection of the suction line into deeper water. 
Other needed repairs were made to the foundation of the wharf, and 
several important changes were made in the steam plant with the 
view to increasing its efficiency and effecting economy in coal con- 
sumption. 

In the prosecution of the pollock work the same adverse condi- 
tions contended with last year were again in evidence, operating in 
some respects with even greater force than in 1922, and as a result 
the collection of eggs was greatly reduced as compared with the 
average of recent years. There appeared to be an abundance of 
pollock on the inshore fishing grounds, but, owing probably to food 
conditions, the fish were constantly shifting about. This not only 
curtailed the daily catch of fish, but entailed a serious loss of time 
in resetting the nets. 

The unusually small force of spawn takers available for making 
egg collections was compelled by circumstances to work on smaller 
fishing boats than formerly and with a few exceptions these boats 
were equipped with old nets, which had to be favored in bad 
weather, thus causing the loss of many days when fishing might have 
been profitably conducted had proper equipment been available. All 
these factors operated to reduce the egg collections. 
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The spawning season opened November 11, fully half a month 
before pending repairs to the steam plant could be completed, and 
during this period the 33,960,000 eggs taken had to be fertilized and 
returned to the spawning grounds. In all, 418,950,000 eggs were 
secured, the last collection being made on February 4, and ‘trom the 
379,000,000 incubated 275,410,000 fry were hatched and released in 
suitable coastal waters. 

Despite the fact that fishing operations were seriously curtailed 
by the severe weather prevailing during the winter and early spring, 
the collection of cod eggs was the lar vest ever made for the Glou- 
cester station. Though small, the daily receipts throughout De- 
cember, January, and February were fairly uniform. In March the 
supply was substantially increased, but the majority of the collec- 
tions were received in April and May. Inshore fishing was much 
below the average in volume, the daily catches for the most part 
running small, but this decline was more than offset by the un- 
usually large numbers of ripe fish taken. The pea of eggs from 
the beginning of the spawning season (December 9) to the closing 
day of the collections (May 24) aggregated 605,960,000, besides con- 
signments to the number of 32,970, 000 surplus egos transferred from 
the Woods Hole hatchery. 

During the period of the spring freshets it beeame necessary to 
discontinue shipments from the collecting fields to the hatchery and 
plant the fertilized eggs on the spawning grounds. The-number 
thus treated amounted to 27 7,500,000. Including the transfers from 
the Woods Hole station, 365,450,000 cod eggs were incubated in the 
hatchery, yiel ding a total of 245,140,000 fry for distribution. 

The season’s collection of haddock eggs, made between March 25 
and May 11, was the smallest secured in several years. The causes 
responsible for this were (1) extremely cold weather during the 
early spring, 2) scarcity of brood fish on the inshore spawning 
erounds, and (3) the unusually small number of boats engaged in 
fishing. The spawning season opened extremely late, and while 
several large captures of fish were made late in March, no ripe ones 
were among them. At times during the season, weather conditions 
were so unfavorable that it was impossible to haul the nets for 
periods of three to five days at a time, and, when finally landed, all 
the fish taken in them were dead and their eggs a total loss. 

Notwithstanding the many difficulties encountered, over 100,000,000 
eggs were secured ‘during go April and early May, though most of them, 
owing to the unsuitable ‘condition of the hatchery water at this time, 
had to be fertilized and immediately returned to the grounds where 
taken. Only 2,960,000 haddock fry were produced at “the station in 
the course of the season, and these were released in waters near 
Cape Ann. 

here was a great scarcity of winter flounders in Massachusetts 
Bay during the spring, and in the absence of commercial fishing for 
that species in the vicinity of Cape Ann, the station was compelled 
to rely upon fyke nets for its brood stock. The station nets were 
set as soon as the ice left the harbor, and by this method 194 gravid 
fish were taken between March 14 and April 27. This stock yielded 
78,230,000 eggs, and from them 68,760,000 fry were obtained for dis- 
tribution. 



PROPAGATION AND DISTRIBUTION OF FOOD’ FISHES, 1928. ik 

WOODS HOLE (MASS.) STATION. 

[W. H. THOMAS, Superintendent. ] 

This station experienced the most successful year’s work in its 
history in the propagation of cod, the egg collections of that species 
amounting in round numbers to 670,000,000, while the output of 
eges and fry aggregated 505,153,000, or nearly three times the num- 
ber produced the preceding year. 

Much difficulty was experienced during the fall in effecting satis- 
factory arrangements for the delivery of brood cod as a source of 
egg supply. An extended search disclosed that all the fishing vessels 
heretofore performing this service had either been lost or had taken 
up other lines of work. Howe ever, a small vessel suitably equipped 
for the purpose was finally engaged to transport cod to be furnished 
by a trap owner on the commercial fishing grounds, and while the 
deliveries were sometimes delayed by storms the station secured by 
this means an exceptionally fine brood stock of 2,812 cod averaging 
5.91 pounds in weight. In past years, when purchasing stock di- 
rect from the vessel owners making the deliveries, the bureau has 
found it expedient, in order to retain their full cooperation, to ac- 
cept all fish landed regardless of sex. Under this year’s arrange- 
ment it was deemed advisable to effect an agreement with the trap 
owner to furnish fish in the proportion of 2 males to 3 females. 
This plan worked so well that it will be followed hereafter. 

During the spawning season, extending from late November to 
the middle of February, 555,584,000 eggs of good quality were real- 
ized from the brood stock, this being the largest collection ever made 
from fish spawning naturally in the station “cod basin. In an effort 
to augment the egg supply, a force of temporary spawn takers was 
engaged to collect cod spawn in Cape Cod Bay. In connection with 
this undertaking the station steamer was utilized not only as living 
quarters for the men but to gather up the spawn and transport it 
to Sandwich, Mass., from which point it was conveyed to the hatch- 
ery by the station truck. As soon as the hatching season opened 
double service was performed, consignments of fry being taken to 
Sandwich on the daily trips of the truck and from there transported 
by the steamer to be planted on the natural spawning grounds from 
which the eggs were derived. Work in this field extended from 
October 30 to the end of December, and the egg collections aggre- 
gated 114,145,000. 

Information was received early in the season to the effect that 
cod eggs in profitable numbers might be secured in the vicinity of 
Plymouth and at other points along the Massachusetts coast, but 
the limited funds available would not permit of the conduct of 
operations in these areas. 

Every season for some years much additional labor has been en- 
tailed and unavoidable losses of cod eggs sustained through the clog- 
ging of screens on the inner hatching boxes, the trouble usually 
being much worse during January and February than at any other 
period. A careful examination conducted by the scientific assistant 
last season when the difficulty was at its height disclosed the presence 
in the water supply of immense quantities of diatoms and other 
minute organisms of many different forms. Enormous numbers of 
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diatoms were found throughout this region, Buzzards Bay, and 
Vineyard Sound, and great numbers were carried into Great Harbor 
(Woods Hole) by the strong currents and winds. It was noticed 
that after a thaw or heavy rain a considerable increase in the number 
of diatoms occurred, while repeated observations indicated that this 
was not a mere coincidence. A possible explanation may be that 
the drainage from the land increases the necessary food products 
of the diatom in these local waters. The particular diatom 
(2hizosolenia alata) that usually interferes with propagation of cod 
at Woods Hole does not ordinarily occur until the temperature of 
the harbor water drops to about 35° I. It is not possible to relieve 
the situation by changing the source of water supply. ; 

The best results are obtained in cod propagation when the water 
temperature is from 42° to 47° F. Therefore it is proposed here- 
after to heat the water used in cod propagation at times when the 
temperature falls below 47°, and to maintain the supply at a point 
5° above the temperature of the harbor water until the cod work is 
completed. Owing to the arrangement of the heating pipes in the 
hatchery, this undertaking will entail no additional expense. 

As in past years, operations were conducted in Waquoit Bay for 
the purpose of obtaining a brood stock of winter flounder, this work 
extending from January 16 to March 20. Though prosecuted with 
the utmost vigor, the efforts to this end were rendered almost neg- 
ligible by the difficulties met with. Not only were weather and read 
conditions such that it was often impossible to attend the nets for 
several days at a time, but there were very few fish on the spawning 
grounds. It was ascertained that one 42-foot fishing boat operating 

- just outside the entrance of the bay early in November, just at the 
time the fish were beginning to enter it, had cleared a profit of 
$1,400 as a result of 10 days’ fishing. This boat must have taken 
approximately 7 tons of winter flounder, representing about 9,000 
fish, and it is possible that to the operations of this and other ves- 
sels may be attributed the unwonted scarcity of fish in this field. 
The efforts to obtain a brood stock of this species were also extended 
to the Wickford (R. I.) field. Work there was undertaken on 
March 16, but the returns up to April 4 were so poor that the at- 
tempt was abandoned. The total collection of eggs from fish taken 
in these two fields amounted to only 369,865,000, less than one-third 
the number secured in 1922. 

On February 17, when hatching operations were in full swing, 
the water supply was shut off by the freezing of the suction pipe. 
To meet the emergency thus created the Coast Guard steamer 
Acushnet agreed to furnish the water required to keep the hatchery 
in operation, but at the expiration of 24 hours’ service the steamer 
was obliged to take up other duty and nothing remained to be done 
but liberate all stock on hand. The plants made at this time con- 
sisted of 115,897,000 green eggs, 102,354,000 eyed eggs, 10,000,000 fry, 
and 400 brood fish, all winter flounder. 

The usual efforts were made during the spring to obtain eggs of 
the mackerel, scup. and sea bass. On several occasions a few eggs 
of the two first-named species were secured, but in the absence of 
a fertilizing medium they were of no value. 
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ANADROMOUS FISHES OF THE ATLANTIC COAST. 

The fish-cultural work coming under this head is conducted at 
three stations and one substation and includes operations with the 
Atlantic salmon, shad, the river herrings (Pomolobus wstivalis and 
P. pseudoharengus), the humpback salmon, and the striped bass or 
rockfish. The total output of these species during the fiscal year 
was 183,803,000, an increase of approximately 11,500,000 over that 
in 1922. The distributions of river herring were nearly doubled as 
compared with that year, but the production of shad and Atlantic 
salmon fell short of the usual numbers. This being the off year for 
the run of humpback salmon introduced in certain coastal rivers 
of Maine some years ago, no eggs of that species were taken. 

SHAD. 

BRYANS POINT (MD.) SUBSTATION. 

[L. G. Harron, Superintendent. ] 

Shad propagation at this station was undertaken under very un- 
favorable conditions. Cold stormy weather prevailed at the begin- 
ning and practically to the end of the spawning period, seriously 
curtailing the run of fish to the spawning grounds in the Potomac 
River. Only a comparatively few shad were in evidence when the 
collection of eggs was undertaken on April 20, but the work was 
vigorously and continuously prosecuted up to the middle of May, 
when it was recognized that the run was practically over. It is 
estimated that about 30,000,000 eggs were delivered at the hatchery, 
but as it was desired to pay for good eggs only no measuring or 
recording was done until the second day after their receipt, thus 
allowing sufficient time for the detection and elimination of any 
that might be of poor quality. The eggs paid for aggregated 17,- 
627,000. Practically all were of fine quality and from them 16,700,- 
000 fry were hatched, the losses during incubation amounting to only 
about 3 per cent. All fry hatched were liberated in good condition 
on the principal spawning grounds in the Potomac River. 

During the year a bungalow 14 feet square and 8 feet high was 
constructed as living quarters for the superintendent. Four new 
live cars for holding brood yellow perch were built and various 
minor repairs were made to the hatchery and equipment. 

SHAD AND RIVER HERRINGS. 

EDENTON (N. C.) STATION. 

[W. 8S. Vincent, Superintendent. ] 

As the prevailing public sentiment in this region was in opposition 
to the issuance of licenses for the operation of gill nets for taking 
shad within certain restricted areas of upper Albemarle Sound, no 
permits of this character were issued during the spring of 1923. 
From the information at hand it appears that during the years when 
gill netters were allowed to operate on these grounds many unripe 
shad were taken and sent to the market which otherwise would have 

‘ 
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spawned naturally. In recent years these nets have constituted a 
very uncertain source of egg supply for propagation, as the State laws 
require their removal by April 25, just when the spawning season is 
at its height. In view of all the facts in the case it was deemed 
advisable to discontinue the issuing of licenses and await further 
developments. As a consequence of this decision the shad work of 
the Edenton station was limited to the incubation of 250,000 eggs, 
which were taken while a collection of material was being made for 
examination by the bureau’s scientists. Two hundred thousand fry 
were produced from this lot and delivered to an applicant at Frank- 
lin, Va. 

In lieu of the shad work, all efforts were concentrated on the propa- 
gation of the river herrings, of which two species, the branch her- 
ring (Pomolobus pseudoharengus) and the glut herring (P. esti- 
valis) are available. Owing to the cold late spring the spawning 
season began somewhat later than usual. Egg collections extended 
from April 9 to May 10, the largest numbers being taken on April 
23 and 24. Variable winds kept the run of herring constantly on the 
move, the fish coming in with the southwest winds and running back 
with the offshore wind. Notwithstanding this handicap, however, 
over 313,000,000 eggs were taken, or nearly three times the number 
secured the previous year. 

Very difficult conditions are encountered in the. collection of her- 
ring eggs. While the owner of a fishing boat desires that the bureau 
obtain all ripe eggs available, his main object is to get the fish to 
market, and the spawn taker is sometimes obliged to work so fast 
that it is impossible to prevent the taking of some immature eggs 
with the ripe spawn. For this reason there is often a wide margin 
of difference between the number of eggs collected and the number 
hatched, and, while a hatch of 90 per cent was frequently obtained 
during the season, it was much below that taking the work as a whole. 

The herring egg is adhesive during the earlier stages of incuba- 
tion, and all attempts to overcome this adhesion by the use of the 
starch solution have been of no avail. For the first 24 hours, there- 
fore, the eggs are held in open-top jars and must be stirred almost 
constantly with a feather to prevent their forming into a solid mass. 
By the end of that time the developing fish in the egg seems to over- 
come the adhesive tendency and an increase in the flow of water 
at this period will give all the motion required to keep the eggs 
in good condition until incubation is completed. During the past 
season the period of incubation was 57 hours in an average water 
temperature of 67°. 

In addition to its work with the anadromous fishes the station 
produced limited numbers of the various pond species. Mention of 
this work may be found on page 84. 

STRIPED BASS. 

WELDON (N. C.) SUBSTATION. 

[W. S. Vincent, Superintendent. ] 

For several years prior to the striped-bass spawning season of 
1923 the bureau’s work in the propagation of this species had been 
directed by a temporary employee—a resident of Weldon. The 
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methods pursued by him having aroused much dissatisfaction, it 
was decided to discontinue his services and detail one of the statu- 
tory employees of the Edenton station to assume charge of the work. 
It was discovered after the arrival of this employee that in past 
seasons the local fishermen had been paid at the rate of $20 per 
million for eggs furnished and had been allowed additional com- 
pensation for the time consumed in delivering them at the hatchery. 
He at once established a price of $20 per milhon for eggs delivered. 
This reduction in price, together with the change in management, 
incurred such ill feeling among the fishermen that they refused for 
a time to make any egg collections. However, after being thoroughly 
convinced that the station would be closed if they persisted in their 
refusal to cooperate, their attitude changed and they began furnish- 
ing eggs for propagation, the first delivery being made on May 5. 

It was soon discovered, in connection with the prosecution of 
fish-cultural work at this point, that the waste matter discharged 
from a paper mill located at Roanoke Rapids was polluting the 
river water to such an extent that the fry succumbed soon after 
liberation. Egg collections were at once discontinued and the work 
was terminated as soon as the stock on hand could be disposed of. 
During the short period of operations—from May 5 to May 9, 
inclusive—22,084,000 striped-bass eggs were received at the hatchery 
and 16,370,000 fry produced and lberated. 

ATLANTIC SALMON. 

CRAIG BROOK (ME.) STATION. 

(J. D. Dp RocruEr, Superintendent. | 

A small lot of young Atlantic salmon held over from the hatch 
of the previous year was carried through the months of July and 
August, 1922, and then liberated in Dennys River, Me., the distribu- 
tion comprising 40,000 No. 2 fingerlings. Heavy April rains having 
washed away the barriers of the Dead Brook inclosure, where brood 
Atlantic salmon have heretofore been held awaiting the development 
of their eggs, it was decided to omit the customary purchase of adult 
stock during June. and, in view of the antagonistic attitude of the 
salmon-weir fishermen, it is believed that very few of them would 
have been willing to supply the fish even if the bureau had been in 
a position to take them. On March 10 a shipment of 500,000 eyed 
Atlantic-salmon eggs was received from the Canadian Government 
in exchange for an equal number of brook-trout eggs, this being the 
third successive year the station has received eggs from that source. 
Of the resulting fry 451,000 were liberated in tributary waters of the 
Penobscot River after the absorption of the food sac, and 14,820 were 
on hand at the close of the fiscal year. 

RESCUE OF STRANDED FOOD FISHES. 

[C. F. CuLueErR, in charge. ] 

With the Homer (Minn.) station as a central directing point, 
rescue operations on the upper Mississippi River were taken up early 
in July and vigorously prosecuted to the end of October, at which 
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time shortage of funds compelled the discontinuance of the work 
though a considerable amount of territory was left wholly untouched. 
The field in general embraced all lowland areas lying between Pres- 
cott, Wis., and Andalusia, Il. The Homer station and the substa- 
tions at Marquette and Bellevue, lowa, and at La Crosse, Wis., were 
employed as holding and distributing points. for the fishes collected 
in their vicinity. A small amount of rescue work was also done in 
the State of Louisiana in cooperation with the Louisiana Conserva- 
tion Commission. and at the Friar Point (Miss.) station under the 
immediate direction of the superintendent of the Tupelo station. 

The number of fish handled at all points in the rescue field during 
the season amounted to 139,799,031, and all of them were released in 
suitable adjacent waters with the exception of 1,164,952, or less than 
1 per cent of the whole. These were shipped to applicants in various 
parts of the United States by means of the bureau’s distribution cars 
and messengers. The most prolific fields were in the vicinity of La 
Crosse, Wis., the substation at that point handling 58,135.611 fish in 
the course of the season and furnishing a material part of the output 
of rescued fish supplied to applicants. <A table showing the number 
of fish of each species produced and the output from each distributing 
center may be found on page 11. The average cost of the work per 
thousand fish rescued was about 19 cents. 

In accordance with an agreement entered into with the Louisiana 
Conservation Commission cooperative rescue operations were taken 
up in Mississippi River waters of the State on October 28, 1922. 
After removing the fish imprisoned in barrow pits near Baton 
Rouge, the men, boats, and equipment were transferred for further 
work to Bayou Sara, thence to Angola, and finally to the Atchafalaya 
River in the vicinity of Simmesport. After a careful survey of the 
conditions at this latter point it was decided that the probable re- 
sults of the contemplated operations were too small to justify the 
expenditure involved, and on November 17 the bureau withdrew 
from the field. As a result of the cooperative work in this terri- 
tory 451,487 fishes of miscellaneous species were removed from tem- 
porary waters and returned to the main channel of the river. For 
its prosecution the State furnished the use of a launch and a house- 
boat, to serve as living quarters, and the bureau provided the serv- 
ices of two experienced fish culturists. 

The appreciable falling off from the output of the preceding year 

in the rescue field was the direct result of the natural conditions 
encountered in the work. Contrary to the usual experience, the 

flood stage of the Mississippi River was unduly protracted by con- 

tinuous rains, and the lowlands where spawning occurs were not 

cut off from the main channel, as in other years, until after a large 

percentage of the young fish hatched had returned to it of their 

own accord, 
The work was conducted to much better advantage than ever be- 

fore, as the services of the special rescue personnel recently provided 

for by Congress were available throughout the season, Under pres- 

ent arrangements the work of the fishing crews detailed to various 

parts of the field can be personally supervised and directed by men 

trained in the rescue operations, thus insuring greater efficiency than 

has heretofore been possible and at the same time effecting a con- 

siderable reduction in cost. 
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MUSSEL INFECTION IN CONJUNCTION WITH THE RESCUE OF LANDLOCKED 
FISHES. 

[H. L. CANFIELD, in charge.] 

The infection of rescued fishes with the larve of commercial fresh- 
water mussels was undertaken on a large scale and resulted in the 
release of 2,048,977,910 larval mussels (glochidia) in a state of 
parasitism on the gills of host fishes. This total, representing by 
far the largest amount of mussel-infection work ever accomplished 
in a single year, was done at a very considerable reduction in cost 
as compared with that of the previous year, the average per thou- 
sand glochidia being only $0.0025. By combining the operations 
connected with the rescue and the mussel-infection work it has been 
possible to produce enormous quantities of juvenile mussels at a low 
cost, and the clam fishermen and others engaged in the industry 
have cooperated with the bureau to the fullest extent to make the 
work a success. The following table summarizes the mussel work 
of the bureau during the fiscal year 1923, showing the fields in which 
operations were conducted and the numbers and species of mussels 
handled in each. 

Extent of mussel-propagation work in 1923, showing fields of operation and 
numbers and species of mussels handled in each. 

as 

Grass mucket. ee Pocket-book.! 
Field (Lampsilis (Lampsilis | (Lampsilis Total. 

. luteola.) ligamentine.) ventricosa.) 

Number. Number. Number. Number. 
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Dakota, Minn jy s ft rie tet 32: 4, 082, 500 §, 843400034 30. a ae 9, 425, 500 
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GREE VWINC; WAS. he pen ee eye ee ne 63; '800;000 Fy "21; SHO, 000" 27 = See BE Soe 85, 150, 000 
NEVAREVINIG? YVIS. Je eee yee ee ne ee 614, 768, 000 68,472,500 |eeesz 2s hehe 683, 235, 500 
Nianonettelowa- oo 2632. Boye.) seers ey oe 1, GOUNOOU! fe 2ea. sete ie 2 NY 2G 13, 600, 000 
Guttenberg, Iowa 20, 565, 000 | 28, 567, 500 | 49, 132, 500 
Bellevue, Iowa___-____- 255, 635, 610 | 148, 451, 100 417, 330, 210 
Rock Island, I}______- 67, 275, 500 | | 35, 201, 550”| 102, 477, 050 
MOraUUse Perry, TOW ds 2220 ees o ees | POS 1 OU at Scent are ore barat vote 26, 737, 000 

rahalee | 6 4o 2 eee ee 1, 451, 569,610 , 476,991,000 | 120, 417, 300 2, 048, 977, 910 

1 This mussel is not first class in quality, and fishes are infected with it only when first-class mussels are 
not available. 

FISHES OF MINOR INTERIOR WATERS. 

Under this general head is included the work of the Rocky Moun- 
tain trout stations, the New England trout and salmon stations, the 
combination trout and pond fish-cultural stations, and that group 
of stations devoted exclusively to the production of warm-water pond 
fishes. The fishes propagated at these stations are, as a rule, dis- 
tributed to applicants, but considerable numbers, especially of the 
black-spotted trout, are returned to the waters from which the eggs 
are derived. Since the advent of the automobile and the extensive 
opening up of roads in formerly inaccessible regions, many streams 
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that originally teemed with game fishes have become practically 
depleted, while others would become so were it not for the efforts 
made by the bureau and the various State fisheries departments to 
keep up the supply. This depletion of fish life, especially of the 
brook trout, in so many of the streams of the country has increased 
the demands upon the bureau for eggs and fry of this species out 
of all proportion to its available supply. 

In connection with its work of propagating the brook trout the 
bureau has found it necessary to purchase from commercial dealers 
the bulk of the eggs used for stocking its hatcheries. In many cases 
eggs from this source are of poor quality and the fry resulting from 
them lack the vitality inherent in fry derived from wild fish. In view 
of the situation the bureau has been endeavoring for the past year 
or two to establish, on a promising site at York Pond, N. H., 
plant capable of producing sufficient brook-trout eggs to fill its 
needs. Work on this plant is being pushed to completion as fast 
as the available funds will permit. 

Other fishes for which large demands are annually made ave the 
black basses, both the largemouth and the smallmouth species. With 
the present facilities for their production it is practically impossible 
to produce them in sufficient numbers to meet the requirements, and 
the urgent need for the extension of this branch of the work is 
clearly apparent. 

ROCKY MOUNTAIN TROUT STATIONS. 

This important group is composed of eight stations and substations, 
located in the States of Colorado, Montana, South Dakota, Wyoming, 
and Utah. The year’s work of the group was most successful, 
especially as regards the propagation of the black-spotted trout, the 
output of which was more than five times as large as that of the 
preceding year. The total output of these stations in eyed eggs and 
fry during 1923 aggregated 22,364,540, the species handled inelud- 
ing black- “spotted trout, brook trout, rainbow trout. and small num- 
bers of Loch Leven and steelhead trout. 

BOZEMAN (MONT.) STATION AND SUBSTATIONS 

[W. T. THOMPSON, Superintendent. ] 

Fish-cultural work at Bozeman station and its auxiliaries con- 
sisted in the propagation of brook, rainbow, black-spotted, and lake 
trout and the steelhead salmon. ‘The majority of the eggs handled 
were taken in outside fields, only 1,610,000 being secured in local 
waters, while the year’s output from this group ‘of stations agore- 
gated nearly 2,000,000 fingerling fish and 1,389,000 eyed eggs, “the 
latter, at the request of the National Park Service, being deposited 
in waters of Glacier Park which it would be impossible to reach 
with fry owing to their inaccessible location. 

BOZEMAN (MONT.) STATION. 

During the year the Bozeman hatchery received from outside 
sources 1,285,000 brook-trout eggs. of which 250,000 were purchased 
from a commercial dealer. The remainder was contributed by the 
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Springville (Utah) and Leadville (Colo.) stations. From these 
eggs, together with 90,000 collected from brood trout in the station 
ponds, 1,271,000 fry were hatched, or nearly 924 per cent of the 
original stock. Quite heavy losses occurred during the spring, due 
principally to the impossibility of securing fresh supples of liver 
at all times. Notwithstanding this difficulty the output of brook 
trout exceeded 900,000, about. two-thirds of them being fingerlings, 
and nearly 500,000 were on hand at the close of the year. 

This station also received 1,450,000 black-spotted-trout eggs from 
collections made in the Yellowstone National Park, 338,000 rainbow- 
trout eggs from its Meadow Creek auxihary, 75,000 lake-trout eggs 
from the Duluth (Minn.) station, and 58,000’steelhead eggs from 
Oregon. Of this stock eyed eggs of the rainbow and black-spotted 
trouts to the number of 150,000 were reshipped to applicants. The 
remainder was developed with not more than normal losses, fur- 
nishing an aggregate output of 981,600 fingerlings and fry and 
leaving on hand. at the close of the year a material percentage of 
the original number to be reared to a larger size before distributing. 

Quite extensive alterations were made to the ponds at Bozeman 
station during the year with the view of eventually reconstructing 
the entire system as funds permit. In pursuance of a carefully 
devised plan ponds Nos. 1 to 18, located in swampy ground, were 
converted into six rock and gravel-bottom inclosures, each approxi- 
mately 90 feet long, 31 feet deep, and 4 feet 7 inches wide at the 
bottom, with a slope sufficient to give a width of 5 feet 7 inches at 
the top. These ponds are so arranged that when their dams are 
drawn all bottom sediment is swept by the heavy current toward 
the lower end, assisting very materially in cleaning operations. 
Sereens extend across the entire pond areas and the outlet boxes | 
in the sides are fitted with both screens and dams. It is intended 
later to-lengthen these ponds to approximately 175 feet by throwing 
into them the space now occupied by the remaining 18 ponds of the 
old series. Each of the six ponds will then be provided with full- 
width dams and sereens to form two or more inclosures at, will, in 
accordance with the needs of the work. When the entire nursery 
system has been reconstructed the available supply of spring and 
creek water will be arranged to flow through the entire length of the 
ponds. 

MEADOW CREEK (MONT.) SUBSTATION. 

Rainbow trout operations at the Meadow Creek substation were 
greatly obstructed by the preparations being made by the Montana 
Power Co. to build a bridge across the stream. In connection with 
this project the water level in the creek was maintained at so low a 
level throughout the entire spring that many of the ascending trout 
were forced to turn back and seek spawning grounds elsewhere. 
Egg collections were therefore curtailed, the total amounting to 
only 1,520,000. The spawning season was from two to three weeks 
shorter than the average, extending only from April 23 to the end 
of May, and the losses of eggs were unusually heavy, only 810,000 
or 54 per cent of the collection surviving to the eyed stage. Three 
hundred thousand of the eyed eggs were hatched at the substation 
with the view of returning the product as fingerling fish to the home 
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spawning grounds. The remaining eggs were used for stocking 
the Bozeman and Glacier Park hatcheries. 

GLACIER NATIONAL PARK (MONT.) SUBSTATION. 

Approximately 215,000 steelhead and rainbow-trout fingerlings. 
that had been carried over from the hatch of the preceding year 
in the Glacier Park hatchery were liberated in July in suitable 
streams within the park, and there were on hand at the close of the 
year 85,000 eyed eggs and 70,000 fry of the rainbow trout, these 
being the result of a shipment of eggs from the Madison Valley 
field early in June. » 
An interesting and important feature of the work in this region 

was the planting of eyed black-spotted trout eggs in the almost in- 
accessible waters in that part of the park lying along the crest of 
the Continental Divide and the Canadian border. The trip was 
made on horseback and the planting was done by the superintendent 
of the station assisted by two of the park rangers. All facilities for 
the trip having been provided by the National Park Service, includ- 
ing the loan of saddle and pack horses, the start was made from 
Bozeman on August 4. In the course of the trip, which consumed 
16 days, a total of considerably more than a million eggs was planted 
in the headwaters of numerous lakes and streams that could not 
otherwise have been reached. Among the waters thus stocked: were 
the St. Mary River and its tributaries, Hidden Lake, Lake Ellen 
Wilson, Grinnell Lake, Belly River, Lois, Margaret, and Glenns:. 
Lakes, and numerous smaller streams. 

LEADVILLE (COLO.) STATION, 

[C. H. Van ArTa, Superintendent. | 

In connection with the propagation of brook trout, the principal. 
species handled at this station, the usual egg collections were made 
on shares from privately owned lakes, the total stock secured during” 
the season amounting to 6,690,000. 
Many of the fish entering the traps in the Engelbrecht field were 

found to be badly afflicted with fungus, this trouble being due, it is: 
thought, to the abnormally low stage of water in the lake during” 
the summer and fall. However, no bad effects were discernible in 
either the eggs or the resulting fry, all of which seemed to be of 
uniformly good quality. 

At Turquoise Lake, where nearly half the season’s stock of brook- 
trout eggs was secured, the work was hampered by unusually cold 
weather. A coating of ice from 4 to 8 inches thick formed on the 
lake before any collections were made, and in order to gain access 
to the brood fish a seine had to be threaded through holes cut 
in the ice at frequent intervals. Some difficulty was also experienced 
at this point from a scarcity of male fish. Females were in the 
majority from the beginning, the disparity in numbers increasing” 
as the season progressed, and toward the close of the spawning 
period females predominated to such an extent that fully 600 brood 
fish containing partially ripened eggs had to be released because of 
a lack of fertilizing medium. 
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When the eggs had reached the eyed stage shipments to a total of 
1,225,000 were forwarded to applicants and to other stations of 
the bureau, one consignment of 50,000 going to Alaska. The incu- 
bation period of those held in the hatchery was completed by the 
end of April, the number of fry produced amounting to 4,767,770, 
or approximately 88 per cent of the retained stock. In addition to 
the egg shipments the year’s output of this species consisted of 
3,345,000 fry and fingerling fish, and at the close of the year a con- 
siderable number of fingerlings were still on hand. The brook- 
trout fields occupied during the year, the number of eggs secured 
in each, and the dates between which egg collections were made 
were as follows: 

Number 
Field. _ of eggs Spawning season. 

taken. ’ 

RET GNs SEPT Yeh. 2a Se gate yet aire ye Pylbart obs ayy 443, 000 | Oct. 29 to Nov. 16. 
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Bryer puca > = ois SEEM SF TS4 5 SNe eS ETE es I POGUE | 6,000 | Oct. 26 to Nov. 22. 
recip ote ak See ee eo) ee ea ee 164, 000 | Nov. 17 to Nov. 26. 
IWAEKIETE Oh ete Soi abebbe nae cepts Mie SOBRE ie Lee Aa tLe Nae) Sake he aie ED 880, 000 | Oct. 26 to Nov. 22. 
arcoise weeNyver Af AC MALTY AS En hide es Meee ed yyy | 3,004,000 | Oct. 19 to Nov. 29. 

Oty, AEA BS PRE oS SIE ea ee Se Sas 6, 690, 000 | 
| } 

An output of 671,000 fry and fingerling black-spotted trout, the 
product of 750,000 eggs of that species received in the summer of 
1922 from the Yellowstone Park station, was distributed during the 
fall to applicants in Colorado, Arizona, and New Mexico. The 
year’s distributions also included 196,150 fingerling rainbow, Loch 
Leven, and lake trout, the output of the first two resulting from 
eggs secured in the brook-trout fields, while the lake trout were de- 
rived from a shipment of 150,000 eggs forwarded from the Duluth 
(Minn.) station the previous winter. From a shipment of 50,000 
steelhead eggs forwarded from one of the bureau’s Oregon substa- 
tions 45,800 fry were hatched and were on hand at the close of the 
fiscal year. 

YELLOWSTONE NATIONAL PARK (WYO.) SUBSTATION. 

[C. B. Grater and C. F. CULLER, in charge. ] 

The fish-cultural season at this station involves a portion of each 
of two fiscal vears, and the part occurring in June, 1922, has been 
covered in the report for that year. From July 1 to the close of 
the season in September, 1922, operations were supervised by C. B. 
Grater, superintendent of the Leadville (Colo.) station. Very suc- 
cessful work was accomplished during the summer of 1922. The 
black-spotted trout egg collections aggregated 16,751,920, and a large 
proportion of the-fry resulting from the eggs were liberated in 
various streams within the reservation. In connection with the fish- 
cultural operations a considerable amount of repair and improve- 
ment work was accomplished, among the most important items be- 
ing the entire rebuilding of the trap on Clear Creek, which was 
located 18 inches deeper in the creek than was the one it replaced. 

2 
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During the spring and early summer of 1923 the park work was 
directed by C. F. Culler, district supervisor. The Soda Butte hatch- 
ery was opened on May 23, as the first eggs of the season are 
usually obtainable in that field, and work at the main station was 
taken up two days later. At the close of the fiscal year 4,794,000 

. black-spotted-trout eggs had been secured, and the indications seemed 

e 

to point to one of the most successful seasons ever experienced in 
this region. 

SARATOGA (WYO.) STATION AND SUBSTATION. 

LO. N. BALDW1y, Superintendent. | 

The bureau’s fish-cultural work in Wyoming consisted in the prop- 
agation of four species of trout—brook, rainbow, Loch Leven, and 
black-spotted—and, with the exception of the last-named species, 
all eggs handled during the year were collected either from domesti- 
cated stock carried in the ponds at Saratoga or from wild fish 
‘aptured in the vicinity of its field auxiliaries. 
The small number of brook-trout fingerlings on hand at the be- 

ginning of the fiscal year was distributed in September, and during 
the fall the brood trout at the station yielded 307,000 eggs. This 
stock was supplemented by the collection of eggs from wild trout 
taken in Big Creek Lakes, 90 miles distant. Though located in the 
Hayden National Forest, these lakes are at the present time under 
the jurisdiction of the Bighorn Land & Cattle Co. The manager of 
this company appeared to resent the bureau’s activities, but through 
the intervention of local officials of the United States Forest Service 
an arrangement permitting the bureau to make egg collections in 
the lakes was finally effected. However, the work was interfered 
with later, the racks being removed by unknown persons and large 
numbers of brood fish allowed to escape. Through this.occurrence 
the egg collections were curtailed from approximately 1,000,000 to 
288,000. The output of this species for the year amounted to 138,100, 
and nearly 400,000 fingerlings were on hand at its close. It is the 
intention to return a substantial percentage of these to Big Creek 
Lakes with the view of building up the field as a future center for 
ege collections. 

Shortly after the beginning of the fiscal year the rainbow-trout 
fry resulting from the cooperative work of the bureau and the 
Wyoming fishery department at the Sage Creek auxiliary were 
planted in suitable waters and the substation closed for the season. 
As soon as possible after its reopening in April, racks and traps for 
the interception of the early run of rainbow trout were installed in 
Lost, Sage, and Canon Creeks, but owing to the preyailing low 
water stages the run of fish was unusually light. Between May 1 
and June 7 eggs to the number of 1,237,150 were taken, approxi- 
mately 620,000 of which were furnished, when eyed, to the State 
fisheries departments of Wyoming and South Dakota. The re- 
mainder was developed at the substation with the view of replenish- 
ing and increasing the stock in parent streams. 

The hatchery erected at Sage Creek last year is a log structure, 
38 by 28 feet in dimensions, with hip roof. It is equipped with 24 
wooden troughs, 16 feet long, 14 inches wide, and 9 inches deep, 
and each trough is divided into eight compartments by saw cuts and 
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iron dams. The hatchery has a total capacity of 5,000,000 green 
eges or 1,125,000 fry. As the water supply is derived from the 
heavy snowfall in the surrounding mountains, it is very roily at 
times. For this reason the tray system is used, it being necessary 
to handle the eggs almost daily. 
A considerable amount of construction work will be required for 

the completion of this substation, and the racks and traps in all 
streams where egg collections are made must have concrete founda- 
tions. This part of the work will be done before the beginning of 
next season’s fish-cultural operations, provided funds are available 
for the purpose. 

In addition to its work with the brook trout and rainbow trout, 
the Saratoga station produced and distributed 87,500 black-spotted 
trout fingerlings, the product of approximately 100,000 eggs trans- 
ferred from Yellowstone Park, and from a few Loch Leven trout 
held in ponds 15,000 eggs were taken and hatched. The resulting 
fingerlings are to be reared and retained for increasing the station 
brood stock of this species. 

All available funds in the special appropriation having been ex- 
hausted by the building operations of the preceding year, no con- 
struction work other than minor repairs was possible though much 
still remains to be done to complete the Sage Creek hatchery and 
its water-supply system. The matter of improving the station 
erounds at Saratoga is one that urgently demands consideration. 
With the exception of a small strip of fenced land along the east 
side of the railroad these grounds still remain in their original 
wild condition, cattle roaming over them at will. The reservation 
should be inclosed by a substantial fence and the grounds planted in 
trees, shrubs, and grass. 

SPEARFISH (S, DAK.) STATION. 

[D. C. BoorH, Superintendent.] 

Construction work formed a very important part of the activities 
at this station during the year. The old plank ponds Nos. 1 to 12, 
which were built in 1899, had never given satisfactory service even 
when an abundance of spring water was available, and after the 
decrease in the supply of water on the upper level of the station 
reservation these ponds were of no value whatever. In order to 
provide space for storing water to be used during periods when a 
shortage in the city supply curtailed the amount delivered at the 
hatchery it was decided to tear out these unsightly plank ponds and 
utilize the space for the location of a suitable concrete reservoir. In 
pursuance of this plan ponds Nos. 1 to 8 were torn out, the space 
excavated to a suitable depth, and a substantial concrete wall, rein- 
forced by one-half inch rods laid in cement, was constructed. This 
reservoir will hold 400,000 gallons of water, or a sufficient amount 
to tide the hatchery operations over for a period of several days 
in the event of an accident to the main water pipes or when overflow 
water from the city reservoir is not obtainable. Another important 
piece of construction work accomplished was the rebuilding of the 
large stone bulkhead wall along the southeast corner of the station 
grounds, the old one having been badly damaged by floods. 

88453—24——_5 
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The results attained in the fish-cultural work were quite satisfac- 
tory, there being no disease among the stock and no abnormal losses. 
Brook, Loch Leven, and rainbow-trout eggs totaling 1,159,400 were 
incubated, from which 968,000 fry were hatched, the percentage of 
hatch being nearly 833. 

Of the brook-trout eggs handled 262,100 were collected from wild 
fish secured in local streams, 259,600 were transferred from the 
Springville (Utah) station, and 500,000 were obtained through ex- 
change, the South Dakota fisheries authorities turning over to the 
station 500,000 eggs that had been purchased by the State from a 
commercial establishment in Pennsylvania, with the understanding 
that the State would be furnished an equal number of rainbow-trout 
eggs from another station of the bureau. These commercial eggs 
were of fine quality and the fry resulting from them were so excep- 
tionally healthy and vigorous that 100,000 of them were selected and 
successfully used in the conduct of an experiment made for testing 
the comparative value of a certain commercial brand of fish food. 
The year’s distribution of brook trout consisted of 792,445 finger- 
lings No. 13, and 19,465 were on hand at the end of June. 

Nearly 65,000 Loch Leven trout eggs were taken during the fall— 
12.300 from wild fish secured in connection with the brook-trout egg 
collection and the remainder from domesticated fish in the station 
ponds. During January 10,350 were shipped in the eyed stage to 
the St. Johnsbury (Vt.) station, and the young fish hatched from 
the remainder will be reared for increasing the station brood stock. 
From domesticated rainbow trout held in the station ponds 72,900 

eggs were taken, the spawning season extending from January 22 to 
May 9. Of the resulting fingerlings 35.360 were delivered to ap- 
plicants late in June. The remainder of the lot was retained for later 
distribution. 

The work at this station also included the handling of 50.935 steel- 
head-salmon eggs furnished from the Washougal (Wash.) field. 
This lot was hatched with a loss of about 7 per cent, and all of the 
resulting fry were being held at the close of the year for distribution 
in the fingerling stage. 

SPRINGVILLE (UTAH) STATION. 

[CLAUDIUS WALLICH, Superintendent. ] 

Fish-cultural work at this station was confined to the propagation 
of brook and rainbow trout, the output of which was considerably 
reduced in comparison with the output last year owing to the limita- 
tions imposed upon the bureau’s operations in the Fish Lake field. 
Cooperative work between the bureau and the State was undertaken 
in this region in late October. On arrival there it was found that 
large numbers of brook trout had already assembled below the mouth 
of Twin Creeks, where most of the collections are made, but were 
prevented from entering the stream on account of the unusually 
low water level in Fish Lake. This condition was remedied by en- 
larging and deepening the mouth of the stream, after which racks 
and traps were installed. Spawn taking began on October 27, and 
from that date to the end of November eggs were taken almost daily, 
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the total collection amounting to 8,250,000. The State turned over 
to the bureau 3,200,000 eggs, of which stock 1,500,000 in round 
numbers were shipped in the eyed stage to other stations of the 
bureau, over 500,000 going to the Bozeman (Mont.) hatchery. 

A number of the stations receiving these eggs, including Spring- 
ville, sustained unusually heavy losses prior to the hatching period, 
though the fry resulting from them appeared to be normal. The 
losses may be attributed in part to the fact that many of the eggs 
were taken late in the season. It has also been noted, with reference 
to this field, that eggs stripped from fish the second time are not of 
the best quality. Of the 522,000 eyed eggs retained at the Spring- 
ville hatchery 85,000 were lost in the course of the incubation period, 
while the losses in the fry and fingerling stages aggregated 128,900. 
Shipments of fingerling brook trout to the number of 248,850, in the 
Nos. 2 and 3 stages, were made before the end of the fiscal year and 
61,250 were carried into the succeeding year. The year’s output of 
this species also included 33,600 No, 4 fingerlings, the product of 
the previous year’s egg collections. These were distributed in July, 
1922, most of them being returned to Fish Lake and its tributaries. 
The stock of rainbow trout on hand at the beginning of the fiscal] 

yeay included 637,000 fingerlings No. 3, which were distributed in 
July, 1922, and also 344,000 fry resulting from the spring egg col- 
lections. The fry did well until about the second week in August, 
when an abnormal mortality occurred and continued for some time. 
No definite cause could be ascribed for it. The entire lot was being 
carried in the hatchery, which was supplied with intake water, 
all surface water being excluded, and every efiort was made to keep 
the stock in a sanitary condition. The food used was beef hearts, 
inspected, to which a small proportion of mush was added. The 
trouble first became evident through the fading of the fish to lighter 
shades. They gradually refused to eat, became emaciated, and 
assumed a heady appearance. The center of affection did not seem 
to lie in the gills. As a rule the losses were larger in troughs where 
water was being used a second time. The subsidence of the disease 
seemed to be coincident with the admission of surface water into the 
intake reservoir and the transfer of the stock to the concrete pond 
system, and by the middle of September, when the distribution of 
the fish was taken up, the survivors were in good condition. The 
output from the lot consisted of 169,300 fingerlings Nos. 2 and 3. 
With the view to profiting by the experience gained the 508,000 

fry resulting from the rainbow brood stock the following spring 
were transferred to the concrete pond system and subjected to the 
conditions that seemed. to have afforded relief to the former lot, 
but without avail. Though a remarkably healthy and active lot of 
fish during the earlier stages of their growth, they were attacked 
by a somewhat similar epidemic when about 14 inches long, but with 
this difference: Fish that apparently were in good health one day 
would be lying dead in windrows up and down and through the 
center of the ponds on the succeeding day. After continuing heavy 
for a few days the death rate would decrease, but almost every lot of 
the fish was similarly affected on attaining the length mentioned. 
The total losses on this stock amounted to 314,000. Of the re- 
mainder 124,000 were distributed as Nos. 2 and 3 fingerlings before 
the end of the year and 70,000 were on hand at its close. 



66 U. S. BUREAU OF FISHERIES. 

Under an agreement effected with the Utah fisheries authorities 
the station participated with the State in the collection of rainbow- 
trout eggs from wild fish in the Fish Lake field during May and 
June and received one-fifth of the proceeds as its share. The quality 
of these eggs was about the average of the stock secured in this field. 
After shipping 25,000 eggs to the Manchester (Iowa) station the 
remainder was hatched, producing 310,000 fry, all of which were 
on hand at the end of June. 

Complete failure attended the efforts put forth to collect eggs 
in the Kyune Reservoir, near Colton, Utah, where the bureau has 
recently been making annual plants of rainbow trout with the view 
to building up an egg-collecting source. The two trips made to this 
point—one in March and the other in May—failed to disclose the 
presence of any brood fish whatever. It is feared that this 13-acre 
lake is almost too small to warrant any profitable returns in eggs, 
but a few rainbow fingerlings will be liberated there annually for 
a while and a close watch kept on the results. 
Having failed for two successive years to secure any results from 

the experiment undertaken some time ago with the object of de- 
termining the feasibility of holding a brood stock of native trout 
in the station ponds as a source of egg supply, it was decided to 
liberate the fish in suitable waters and abandon the attempt. The 
number of eggs taken in each instance was negligible and their 
quality was very poor. 

NEW ENGLAND TROUT AND SALMON STATIONS. 

Included under this head are the stations located at Hartsville, 
Mass., East Orland, Me., St. Johnsbury, Vt., and Nashua, N. H., 
together with their several auxiliary substations. During the past 
year the former station at Green Lake, Me., was reduced to the 
status of a substation and placed under the direction of the official 
in charge of the Craig Brook station at East Orland. Although 
the work in this field was interfered with to some extent by un- 
seasonable climatic conditions the results attained at these stations 
were very satisfactory, their aggregate output being more than 100 
per cent greater than in 1922. 

BERKSHIRE (MASS.) STATION. 

[W. A. CAsLmR, Superintendent.] 

The year’s fish-cultural work at this station consisted mainly in 
the incubation of eggs of the brook trout, rainbow trout, and pike 
perch, and the rearing and distributing of the resulting fish, the ag- 
gregate output of which amounted to 754,400 fry and fingerlings. 

During the spawning season of the adult brook trout held in the 
station ponds 203,750 eggs were obtained, of which 149,260, or about 
73 per cent, were hatched. This low percentage of hatch compares 
favorably with the results of recent years at this point and is attrib- 
uted by the superintendent to the advanced age of the brood stock. 
A lot of 247,000 brook-trout eggs purchased from the establishment 
of a commercial trout breeder was apparently far superior in quality 
to those produced at the station, fry in excess of 240,000 being 
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realized on the consignment. The two lots of fish were kept separate 
to the end of the fry stage, when they were thrown together owing 
to lack of space and because there appeared to be no advantage in 
their further segregation. For some time after commencing to feed 
the fish continued to develop normally, but in the latter part of March 
mortality suddenly increased, the daily death rate rising from about 
134 per day to a maximum of 4,500 per day during April. 

The disease could not be checked by any of the methods usually 
and sometimes successfully employed, and the losses up to the time 
the disease had run its natural course amounted to 151,255, or about 
40 per cent of the fry hatched. No satisfactory explanation of this 
heavy mortality can be given, though the fish-culturist in immediate 
charge of the work has advanced the theory that surface drainage 
from the melting of an unusually heavy fall of snow may have 
earried into the spring supplying the hatchery water some substance 
deleterious to young fish. In support of this theory he cites similar 
conditions as to snowfall that existed in the fiscal year 1919. Dur- 
ing that year disease broke out among the trout fry and caused an 
even greater mortality. 

In December, 1922, two consignments of rainbow-trout eggs agere- 
gating 108,500 were received from the Wytheville (Va.) station. 
Being of inferior quality these eggs sustained a loss of almost 
40,000, or about 37 per cent, up to the hatching period, and subse- 
quent losses among the fry and fingerlings so reduced the stock that 
only 45,900 fingerlings were realized, of which number 1,500 were on 
hand at the close of the year. Early in May a consignment of 
500,000 eyed pike-perch eggs arrived from the Put in Bay (Ohio) 
station. Though delayed in transit the eggs were of exceptionally 
fine quality and from them 485,000 vigorous fry were hatched and 
distributed. 

Nothing in the way of the much-needed repairs and alterations re- 
ferred to in previous reports has been possible at this station, the 
only construction work accomplished during the year being of a 
minor routine character. Since the bureau acquired title to the 
Berkshire property in 1915 it has not been possible to divert a sufh- 
cient amount of the reduced appropriations from other and more im- 
portant work to place the station in the condition in which it should 
be maintained. At the present time much of this property, especially 
the pond system, is very much dilapidated. The need is for sufficient 
funds to completely rebuild and rearrange the pond system, which 
was originally designed for private use and never intended for the 
production of fish or eggs on the extensive scale required in the 
bureau’s work. While it is recognized that the work of this station 
can never be made to compare favorably with that of stations more 
advantageously located with reference to water supply and certain 
other essentials, it is apparent, nevertheless. that if certain changes 
and improvements can be effected the station can, under skillful 
management, be made to play an important part in fish-cultural 
work and ean be depended upon to produce for local distribution at 
a moderate cost certain species of fish that are now being furnished 
from more distant hatcheries at considerable expense and with some 
difficulty. 
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CRAIG BROOK (ME.) STATION AND SUBSTATIONS. 

[J. D. DE RocHeErR, Superintendent. ] 

That part of the fish-cultural work of the Craig Brook station 
that was addressed to the propagation of Atlantic salmon is dis- 
cussed in connection with the anadromous fishes of the Atlantic 
rivers on page 55. 
During late December and early January a total of 1,303,700 eyed 

brook-trout eggs was received from three commercial hatcheries lo- 
cated in Pennsylvania and New England. Of the first consignment, 
received from a hatchery in Maine, 131,666 eggs were reshipped to 
the Grand Lake Stream substation. The remainder of this lot— 
658,334—was incubated at the station, producing a hatch of 96 per 
cent. Later losses were large, however, over 9 per cent of the young 
fish having perished before the completion of the distribution in late 
June. From 210,700 eggs of fine quality received from a Massa- 
chusetts hatchery 202,651 fry were hatched. Of these, 155,800 were 
distributed in the advanced fry and fingerling stages and 24.995 were 
on hand at the close of the year. The eggs from the Pennsylvania 
hatchery were too far advanced for shipment when forwarded and 
some of them hatched on the trays en route. While the percentage 
of hatch on the remainder was nearly normal the subsequent losses 
were excessive, the mortality up to the time of distribution amounting 
to fully 50 per cent. 

Fifty thousand rainbow-trout eggs forwarded in December from 
the Wytheville (Va.) station appeared, on arrival, to be in fair con- 
dition. It developed later that they were of poor quality, nearly 
half the lot being lost in process of incubation, while the fry hatched 
were weak and all of them perished within a short time. 

During the month of March 380.602 eyed landlocked-salmon eggs 
were received from the Grand Lake Stream substation, of which 
number consignments aggregating 117,570 were reshipped to appli- 
cants in Vermont, New Hampshire, Idaho, and Michigan. From 
the remaining eggs 228,000 fry were hatched and distributed and 
26,820 were on hand at the end of June. 

All of the buildings at this station were wired for electric hghts 
during the year. 

GREEN LAKE (ME.) SUBSTATION. 

Fish-cultural operations at this substation were concerned princi- 
pally with the propagation of the landlocked salmon and the smelt, 
the latter including the American smelt (Osmerus mordav) and a 
subspecies (O. mordax spectrum) locally known as the “small 
smelt.” 

On November 1 traps were placed at the mouth of Great Brook 
for the capture of brood landlocked salmon, and between the 9th 
and the 22d of that month 193,000 eggs were taken. These were 
of uniformly good quality and from them 178,480 fry were hatched 
and distributed. 

The egg collections of smelt were the largest im several years. 
The spawning season of 0. mordax began on March 25 and ended 
April 15, while the spawning of the subspecies extended from the 
5th to the 20th of May. In all, 46,300,000 eggs were taken, of which 
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42,000,000 were of the subspecies. Heavy rains and melting snow 
caused the bursting of the supply pipe of the smelt battery on April 
29, necessitating the immediate planting of all eggs on hand. Fortu- 
nately, all of them had about reached the hatching stage and plant- 
ing at that period therefore occasioned little loss. 

One hundred adult smallmouth black bass, captured in traps in 
Green Lake during July, 1922, were held in the station ponds until 
fall and then delivered to an applicant at Norway, Me. These bass 
inhabit Green Lake in considerable numbers, and being considered 
undesirable on account of their tendency to prey upon the land- 
locked salmon their removal is generally approved of by residents 
of that section. 

GRAND LAKE STREAM (ME.) SUBSTATION. 

Approximately 93,000 landlocked-salmon fry were on hand at the 
beginning of the fiscal year 1923. Shortly before that date these fish 
had been placed in the recently constructed ponds in the canal, 
which was formerly used for the passage of boats in Grand Lake 
Stream, and immediately afterwards the death rate among them 
declined noticeably. The young fish were fed as frequently as they 
would take it readily on a mixture composed of two-thirds beef 
heart to one-third sheep liver finely ground, and late in July, after 
45,000 of them had been liberated, it was observed that the re- 
mainder were obtaining suflicient natural food to satisfy them. They 
continued to grow rapidly and about the last of August all that 

~ remained in the ponds were liberated in Grand Lake Stream as 
fingerlings No. 3, the lot numbering 46,400. The first landlocked- 
salmon eggs from Grand Lake Stream were secured on October 31 
and the last on November 18, while the collecting season at Dobsis 
Lake extended from the Ist to the 14th of November. In all, 423 
female and 818 male fish were captured, from which eggs to the 
number of 659,350 were taken. Of these, two shipments, aggregating 
380,602 eyed eggs, were forwarded to the Craig Brook station. On 
April 19 the Grand Lake Stream substation received 200,000 eyed 
landlocked-salmon eggs from the State hatchery at Caribou, Me., 
this shipment resulting from an agreement previously made with 
the Maine commissioner of inland fisheries and game to insure the 
return to parent waters of at least 75 per cent of the product of all 
egg collections. Owing to fiood conditions following the breaking 
of the gate of the dam at the head of the canal on May 6, all salmon 
had to be disposed of in the fry stage, the plants being made in 
Grand Lake and tributary waters. 

In addition to the work with the landlocked salmon the station 
handled a shipment of 131,666 commercial brook-trout eggs, which 
were reshipped early in January from the Craig Brook station. 
Owing to the accident referred to above all of them were liberated in 
the advanced fry stage in Grand Lake and other local streams. 

The bureau’s present policy of providing brook trout for Grand 
Lake and neighboring waters has already shown good results. It 
was very noticeable during the past season that good brook-trout 
fishing was to be had in all the streams in this section, such waters 
having formerly been denuded of that species. They now appear 
to contain young brook trout in abundance, to the intense satisfac- 
tion of the local public. 
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ST. JOHNSBURY (VT.) STATION AND SUBSTATIONS. 

[A. H. DINSMORE, Superintendent. ] 

The fishes propagated at this station and its auxiliaries at Holden, 
Vt., and York Pond, N. H., included brook, lake, rainbow, and Loch 
Leven trout, landlocked salmon, and steelhead, the total annual 
output for the group amounting to nearly 1,500,000 eggs, fry, and 
fingerling fish. Owing to shortage in operating funds the propaga- 
tion of pike perch at the Swanton (Vt.) substation was omitted. 

ST. JOHNSBURY (VT.) STATION. 

Of the 1,323,400 brook-trout eggs acquired for stocking the St. 
Johnsbury hatchery 450,000 in round numbers were purchased from 
a commercial trout establishment. The remainder was collected 
from fish taken in Darling Pond and Lake Mitchell, in Vermont, on 
the same terms as last year, the bureau collecting and incubating the 

' eggs and receiving as compensation one-third of the eyed eggs pro- 
duced. The fry resulting from the remainder were placed at the 
disposal of the owners of these waters. The work with this species 
also included the incubation of 100,000 eggs that were purchased 
and delivered at the hatchery by a local fish and game club whose 
members distributed the resulting fry in various waters of the re- 
gion. 

Other egg receipts were 238,350 of the lake trout, derived from 
collections at Lake Dunmore, Vt.; 20,350 landlocked-salmon eggs, 
transferred from the Craig Brook (Me.) station; 10,350 Loch Leven 
trout eggs, acquired by exchange from a commercial fish-culturist; 
and 49,500 steelhead eggs received from the Washougal ( Wash.) 
collecting station. Some of the lake-trout eggs were reshipped to 
the York Pond auxiliary, and a consignment of 50,000 was for- 
warded to the Nashua (N. H.) hatchery. The remainder was 
hatched and distributed as fry in suitable local waters. The fry 
resulting from the landlocked-salmon eggs were transferred to York 
Pond to bé reared, and the product of the Loch Leven and steelhead 
eggs was on hand at the close of the fiscal year. 

On account of limited funds and the need of all possible additional 
help for the development of the York Pond substation, no work in 
the propagation of smallmouth black bass was undertaken during 
the year. 

HOLDEN (VT.) SUBSTATION. 

The outcome of the year’s work in fish culture at this substation 
was very satisfactory. Only normal losses of stock were sustained 
and an entire absence of the affection that in recent years has caused 
such heavy mortality among the eggs and young fish gives ground 
for the hope that the difficulty has been solved through the appli- 
cation of the recently devised method of aerating the hatchery water 
supply. 
The small stock of fingerling fish of various species on hand at 

the beginning of the year was distributed in the early fall, and 
during October and November the bureau and the State fisheries 
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department were engaged in cooperative work in the collection of 
lake-trout eggs in Lake Dunmore. The returns from this work were 
the largest ever secured, the total collections amounting to 684,620 
eggs, of which 580,600, or nearly 85 per cent, were eyed. Fifty 
thousand of the bureau’s half of this stock were retained at the 
Holden station for development. and the remainder was forwarded 
to the St. Johzsbury station. Brook-trout eggs to the number of 
250,000, purchased from a commercial fish-culturist and delivered in 
January, were held in brook water with a small admixture of spring 

‘ water to keep them from freezing. From this consignment 238,400 
healthy fry were hatched and distributed. 

YORK POND (N. H.) SUBSTATION. 

During the summer months a large amount of work was done at this 
substation in the way of improvements to the proposed pond system, 
with the view of developing it at the earliest possible date into a 
source of supply for brook-trout eggs for stocking various hatch- 
eries of the bureau. 

Diverting ditch No. 1 was continued along the south side and 
over the point of the separating ridge and then dropped into pond 
B. It is the intention to pass this water from pond B into the 
spawning race at the head of the main pond. In preparation for 
the coming spawning season, a raceway of planks, 6 feet 2 inches 
wide and extending 110 feet into the main pond, was provided for 
conducting water from pond A, a temporary diverting dike having 
been erected on the natural outlet to throw the water through the 
raceway. ‘Twelve-inch drain tiling was laid from the kettle of pond 
A to York Pond, and 350 feet of cast-iron pipe, leading from the 
main lake to the hatchery, was installed. Races Nos. 1 and 2 were 
put in shape for rearing operations; the sidetrack grade, running up 
Cold Brook, was cleared and work started on a third rearing race, 
which, like all the others, will have spring water rising copiously 
in it, augmented by water from race No. 1, independent springs, 
and wells, and water diverted from Cold Brook. Below this race 
there is opportunity for the construction of a number of ponds, the 
flow from which will be to the hatchery flat, where there is space for 
further pond construction. A fourth raceway has been started along 
the hillside west of the hatchery fiat, and this will later be extended 
some distance west of Cold Brook. 

During the summer months fishermen were employed to catch 
trout in the closed brooks. ‘These streams are so filled with drift- 
wood and brush that no other practicable method has yet been de- 
vised for taking them, and it was found that by filing off the barbs 
of rather large hooks the fish are not apt to undergo material injury. 
Of 1,964 captured in this manner only 12 had been lost at the end 
of the season. The fish were held in a large inclosure prepared 
for them on the natural inlet and fed until spawning time, when 
an examination disclosed that only 254 were mature females. These 
fish were so small that only 42,450 eggs were secured, and to supple- 
ment the supply 100,000 brook-trout eggs and 25,000 lake-trout eggs 
were forwarded from the St. Johnsbury station. 

It having become evident that the cement hatchery and pipe line 
from York Pond could not be completed in time to care for the eggs, 
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a tent hatchery was installed on the run that is being converted into 
rearing race No. 3, and here the eggs were successfully held until 
the hatchery could be made ready to receive them. 

The hatchery water-supply proved well adapted to trout incuba- 
tion except that it contained large quantities of brown and green 
alge, which gave serious trouble even though the eggs were mostly 
in an advanced stage when removed to the hatchery. After some 
losses and some experimenting it was discovered that the bad effects 
of the alge might be overcome by placing the eggs, when just about 
to hatch, in the normal salt solution. Contact with the alge ap- 
peared to toughen the shell so that the fish could not entirely emerge 
from it and the effect of the solution was to counteract the difficulty 
and restore the shell to its normal condition. 
With the exception of 5,000 eggs planted in gravel in small brooks 

on the reservation no distributions of stock were made. All fish 
hatched were removed as sac-absorbed fry to the races, where they 
readily adapted themselves to their environment and began feeding 
readily. In addition to the fish hatched at the substation 77,000 
brook trout and approximately 11,000 landlocked salmon were trans- 
ferred from the St. Johnsbury hatchery. 

NASHUA (N. H.) STATION. 

[WaLpo F, HuspparbD, Superintendent. ] 

The year’s output from this station consisted of 675,000 fingerling 
fish divided as to species among the brook trout, rainbow trout, lake 
trout, and landlocked salmon; also 83,700 fry of the pike perch and 
smallmouth black bass. As in past years, most of these fish were 
the product of eggs forwarded to Nashua from other sources, the 
only brood fish maintained at the station being a few each of the 
brook trout and rainbow trout, which yielded 127,950 and 83,550 
eggs, respectively. This stock was augmented during the winter by 
the purchase of 795,000 brook-trout eggs from a commercial fish 
culturist and the transfer of 50,000 rainbow eggs from the White 
Sulphur Springs (W. Va.) station. Heavy losses of both species 
were sustained in the egg and fry stages, greatly curtailing the dis- 
tributions. Other transfers of eggs included 46,000 of the lake trout 
taken in connection with the field work of the St. Johnsbury (Vt.) 
station, 21,000 landlocked-salmon eggs shipped from the Craig Brook 
(Me.) station, and 1,500,000 eyed pike-perch eggs from Put in Bay, 
Ohio. Owing to a protracted delay in delivery the latter consign- 
ment was received in poor condition and yielded only 75,000 fry. 
The salmon eggs were successfully hatched and most of the resulting 
fingerlings were being held for later distribution at the close of the 
year. 

An attempt during the first half of June to collect smallmouth 
black-bass fry from Lake Sunapee, N. H., for supplying applicants 
in that region was almost a failure, only 8,700 being secured. The 
outcome of such work in the Lake Sunapee field is very largely 
dependent upon weather conditions. If it is windy, as it is very 
likely to be, great difficulty is experienced in locating the nests and 
collecting the fry. Much trouble has also been encountered in hold- 
ing the collections of fry even for the period of a day without in- 
curring large losses. 
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In order to remedy a defect in the original planning of the pond 
system and to provide for a more economical consumption of water, 
a part of the year’s fish-cultural allotment was diverted to the re- 
moval of the earth partitions at the ends of the ponds and rearrang- 
ing the system so that the water supply will flow through the entire 
series of ponds instead of through only two, as under the former 
arrangement. It is planned to have this work completed in time for 
the beginning of fish-cultural work next season. 

The conduct of fish-cultural work at the Nashua station is annually 
becoming more difficult and uncertain. Shortage in the station’s 
‘allotment of funds for a long period of years has prohibited all 
possibility of necessary repairs and improvements, with the result 
that the hatchery, ponds, water-supply flume, and other equipment 
have now reached such an advanced stage of dilapidation that it is 
not considered entirely safe to attempt the handling of a valuable 
brood stock of eggs or fish. It is estimated that a special fund of 
at least $20,000 would be required to place the station in condition 
a the conduct of fish-cultural work on an efficient and economical 
asis. 

COMBINATION TROUT AND POND STATIONS. 

The stations included in this group are located in the States of 
Tennessee, Iowa, Missouri, and West Virginia. As compared with 
last year’s production their output of brook trout and rainbow trout 
was substantially increased, but the unseasonably cold, late spring 
resulted in a serious reduction in the distributions of the pond fishes. 
Some of these stations also incubated yellow-perch eggs and used 
the product for the stocking of local waters. 

ERWIN (TENN.) STATION. 

é 

[A. G. Kepsncknr, Superintendent. ] 

Though eight species of food fishes figure in the output at this 
point the principal part of the station’s production consisted, as in 
past years, of fry and fingerling rainbow and -brook trout, the 
former species predominating in numbers. Other fishes included in 
the distributions were largemouth black bass, smallmouth black bass, 
yellow perch, rock bass, and-bluegill bream. 

During the period from October 26 to the end of the first week 
in February 1,309,000 rainbow-trout eggs were taken from the sta- 
tion brood stock, but owing, it is believed, to the abnormally mild 
weather prevailing prior to and throughout the spawning season 

their quality was impaired to the extent that the losses to the eyed 

stage amounted to fully 44 per cent of the original stock. From 

the 743,740 fry hatched 659,770 fingerling fish were reared and dis- 

tributed. As the natural conditions at this station are unsuitable 
for the maintenance of a brood stock of brook trout, all work ac- 

complished with that species must necessarily depend upon the trans- 

fer of eggs from other sources. <A stock of 285,700 eggs purchased 

from a commercial brook-trout hatchery was incubated with a loss 

of only 24 per cent, and from the resulting fry 278,200 fingerlings 

Nos. 1 to 24 were reared and distributed. 
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The spawning of the largemouth and smallmouth black bass be- 
gan about April 20 and extended well into June. Twenty-seven 
nests of the former species yielded 55,185 young bass, of which 
15,635 were fingerlings No. 1, while the distributions of the small- 
mouth bass included 7,450 fingerling fish. An adverse feature of 
this work was the loss of a material number of adult fish of both 
species during the breeding season, greatly reducing the output. 
The most careful observation failed to reveal the cause of the mor- 
tality. So far as could be determined there were no unusual en- 
vironmental conditions, and the dead fish appearing on the surface 
of the ponds had apparently not suffered from disease and bore no 
discernible evidence of bruises or injuries of any kind. The 500,- 
000 yellow-perch fry entering into the year’s distributions were 
derived from a consignment of 1,000,000 eggs supplied from the 
shad station on the Potomac River. 
A number of items of construction work were accomplished during 

the year, among the most important being the enlargement and deep- 
ening of two of the ponds and the construction and installation 
of a 400-foot concrete flume to replace the old decayed wooden con- 
duit for supplying the pond system on the lower level of the station 
reservation. The hatching capacity of the station was increased by 
the construction of a shed building, 40 by 42 feet in dimensions on 
an 18-inch concrete foundation wall and concrete flooring, to house 
a supplementary series of troughs. Eighteen additional troughs of 
galvanized iron were purchased and will be set up in this building 
as soon as the necessary pipe connections can be made. 

MANCHESTER (IOWA) STATION. 

[F. E. Harn, Superintendent. | 

In the latter part of July, 1922, this station was subjected to a 
heavy downpour of rain, which flooded the reservation within an 
incredibly short space of time, transforming the entire pond sys- 
tem into one large lake and permitting the escape of a large per- 
centage of the fish held therein, among them being many of the adult 
trout that were being counted on as a source of egg supply. One 
of the direct consequences of this loss was the reduction in the out- 
put of rainbow trout to less than one-half that of the preceding year, 
though the prospects up to the time of this occurrence had promised 
an increased egg production both of the rainbow and the brook trout. 
Moreover the quality of the eggs secured from the surviving rain- 
bows was so inferior that only 98,685 fingerling fish were produced 
and distributed from the 354,700 collected. ‘The greater part of 
the losses among this stock occurred before the hatching period. 
With the view of replacing the losses of brood fish, selected lots of 
young trout of both species are being reared, among them being 
8,200 of the finest brook-trout fingerlings and the entire lot of fry 
produced from a consignment of wild rainbow eggs, the latter hav- 
ing been received during the spring from one of the western stations 
of the bureau. 

The egg collections from the adult brook trout, amounting to 
133,000, were supplemented by the purchase of 358,000 eggs from 
commercial trout establishments and the transfer of 235,000 eggs 
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from stock collected for the Springville (Utah) hatchery. From 
this combined stock 649,250 fry were hatched, nearly 894 per cent 
of the eggs handled, and the output for the year consisted of 445,545 
fingerlings Nos. 1 and 2 with 30,400 still on hand at the end of the 
year. 

Owing apparently to some peculiarity of the water supply, a dis- 
ease of the gills has long been persistent among the brook trout 
held at this station and the many attempts to eradicate it have not 
thus far afforded much relief. In continuation of past efforts along 
this line a system of long narrow ponds with earth bottoms was re- 
cently constructed and provided with a good flow of water, plant 
growth, and other conditions in simulation of nature so far as might 
be possible. While the environment thus provided has not proved 
particularly effective in overcoming gill disease, it has been found 
that the ponds are much better adapted to the work of trout rearing 
than are the old rearing ponds on the reservation. 

In addition to trout culture, operations were conducted with the 
smallmouth and largemouth black bass and the rock bass, though, 
with the exception of a few thousand fingerlings of the latter, no 
fish of these species were distributed. Judging from the large num- 
bers of fry observed in the ponds the results of the nesting season 
of the black basses were successful, but the actual outcome of the 
season at the close of the year was uncertain, the ponds not having 
been drawn down at that time. 

The nesting of the rock bass did not meet with a large measure 
of success. The actual number of young fish of this species on hand 
at the end of June could not be determined, but it is doubted if the 
yield of fingerlings will justify the time and labor expended in their 
production. It is believed the brood fish have almost outlived their 
usefulness and steps will be taken to replace them with younger 
fish in advance of the next spawning period. 
Owing to the necessity of conducting all operations on a reduced 

allotment no construction work other than minor repairs and im- 
provements could be undertaken. However, in recognition of the 
importance of protecting the station against a recurrence of last 
year’s disastrous flood preparations were in progress toward the 
end of June for the erection of a cement dike to run parallel to the 
streams running through the eastern end of the reservation, the 
actual work of construction to be undertaken in July. As planned, 
this barrier will extend approximately 24 feet above the level of the 
ground and from 12 to 18 inches beneath the surface. It will be 7 
inches in thickness, with a terraced embankment, to be filled in on 
the side nearest the hatchery. 

NEOSHO (MO.) STATION AND SUBSTATIONS. 

{FRED J. Fosrmr, Superintendent. ] 

The scope of the work at this station was considerably enlarged 
during the year by extending its activities into new fields—in one 
case by the lease of property suitable for pond-fish culture, and in 
others by effecting agreements for the conduct of trout-cultural 
operations on a cooperative basis with private fish-culturists. One 
of the results of such extension has been the establishment during 
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the year of a record collection of trout eggs, the total in round 
numbers amounting to 2,056,000, or 214 per cent more than in any 
previous year in the station’s history. 
At the Neosho station 848,000 rainbow-trout eggs were collected 

between November 16 and February 19. This stock was materially 
reduced by losses, both in the egg stage and subsequently, and from it 
181,965 fingerlings Nos. 2 and 3 were realized for distribution, with 
about 10,000 remaining on hand at the end of June. 

It having been found that the best eggs at this station are the 
product of very young fish, a systematic policy of selective breeding 
and liberal feeding, with the object of increasing the percentage of 
early spawners, has been in progress for some time. The efforts in 
this direction are apparently bearing fruit, as the proportion of 
spawning trout under 2 years of age is steadily increasing, being 
10w about double what it was before the experiments were instituted. 
A shght deviation from past methods was made in the feeding of 

fry and small fingerlings. For the purpose of varying the diet 
the fish were given clabbered milk twice a day and beef heart three 
times a day. They took the milk readily and seemed to thrive 
equally as well as when fed exclusively on heart. 

No definite cause could be assigned for a slight loss occurring in 
each lot of rainbow trout as they attained a length of 14 inches. A 
few of the fish showed what appeared to be an extremely minute 
threadworm in the intestines, but at 375 diameters these were hardly 
distinguishable. By immediately cutting off all food for a period of 
24 hours and then giving nothing but clabbered milk for the suc- 
ceeding tour days the loss was reduced to normal proportions. 

Late in April a more serious epidemic broke out in the troughs 
containing rainbow trout 2 or more inches in length, the more promi- 
nent symptoms being distortion of the head, faded-appearing gills, 
and an abnormally dark color, the latter being most pronounced 
among badly affected individuals. The kidneys showed disintegra- 
tion with crystals. A careful examination by the bureau’s pathol- 
ogist failed to disclose the cause of the disease, but it is believed 
it may have been dve to the presence of mineral substances in the 
water supply. There was no evidence of it among fish that had 
been removed from the hatchery to rearing ponds as fingerlings No. 
14, and thinning out of the young fish and early removal from the 
hatchery to rearing pools will hereafter be resorted to in the hope 
that a recurrence of the trouble may be averted. 

The disease gyrodactylus developed in one pool of No. 24 finger- 
ling trout early in May, but was quickly dissipated by immersing 
the fish for a fraction of a minute in a 1:15 solution of pure cider 
vinegar. Ichthyophthirius made its appearance in one pond, but 
loss from this cause was prevented by immediately transferring the 
affected fish to another pond where they could be held in a good 
flow of running water. 

Excellent results were attained in the hatching of a lot of 50,000 
eggs from wild rainbow trout received on June 10 from the Bozeman 
(Mont.) station. The product of these eggs will be reared and 
reserved for a brood stock at Neosho and auxiliary stations. 

The result of the season’s work in the propagation of pond fishes 
at Neosho station was the poorest experienced in many years. This 
is attributed largely to adverse climatic conditions. An almost 
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steady downpour of rain during May and early June, when the 
distributions usually occur, roiled the pond water to such an extent 
as to make the collection of fry impossible, and by the time the 
water had begun to clear the schools of fish had broken up and be- 
come dispersed among the dense vegetation in the ponds. Under 
such conditions it became necessary to carry over the entire crop for 
distribution as fingerlings in the fall. 
An investigation conducted in May by the bureau’s pathologist 

disclosed the prevalence of a parasitic affection among the pond 
fishes. The tapeworm (Proteocephalus ambloplitis) was found in 
the sunfish and in both species of black bass, the larval stage of this 
parasite heavily infesting the ovaries of some of the individuals: 
examined. This trouble is believed to be one of the main causes 
for the poor success heretofore attained in the pond fish-cultural 
work at this station. So litle is known of the nature of the organ- 
ism, however, that prospects for its control do not seem bright, 
and in view of the circumstances it may be found advisable to dis- 
continue the efforts to produce the two species of black bass and 
confine future activities in pond work to the propagation of the blue- 
gill and green sunfish, which appear to be more resistant to the 
ravages of the parasite than any of the other species. 
A consignment of 7,800,000 yellow-perch eggs was received late 

in March from the bureau’s station at Bryans Point, Md. Of these 
eggs 3,680,000 were turned over to the Missouri State hatchery at 
Springfield, and from the remainder 3,500,000 fry were hatched and 
distributed to applicants for that species. 

ROARING RIVER (MO.) SUBSTATION. 

Work in this field, which is about 50 miles east of Neosho, was 
conducted on a share basis, the bureau receiving an equitable per- 
centage of the eyed eggs obtained from the owner’s stock of brood 
trout. The egg collections, made between November 27 and Feb- 
ruary 24, proved very disappointing, only 959,000, in round numbers, 
being obtained from a brood stock large enough to have produced 
at least twice that number. The small yield was attributed to 
underfeeding of the fish, and as this was a factor over which the 
bureau had no control, it was decided that the expense would not 
justify the results in future operations and the agreement was ter- 
minated at the end of the year. 

BOURBON (MO.) SUBSTATION. 

Bourbon is located in the eastern section of Missouri about 65 
miles distant from St. Louis, and the property in which the bureau 
is interested belongs to the von Hoffman Press Association of that 
city. The cooperative arrangement entered into with this associa- 
tion stipulates that the bureau shall provide the services of a man 
to conduct fish-cultural work on the property, while the association 
will bear all expenses of construction and maintenance of the plant,, 
including purchase of fish food and subsistence for the bureau’s 
employees. The bureau is to receive at least two-thirds of all finger- 
ling fish produced, with the understanding that they are to be lib- 
erated in Missouri waters. 
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The outcome of the first season’s operations at this point was en- 
couraging, nearly 250,000 eggs being taken from the 1,200 yearling 
fish comprising the brood stock. The fish had been well fed, and as 
regards both quality of eggs and number secured the results were far 
better than at Roaring River. The total cost of the work to the 
bureau was less than $115, and its share of the proceeds was 96,000 
fingerling trout Nos. 2 and 24, all of which were liberated in waters 
in the eastern section of the State. One of the most advantageous 
features of the work in this field is the saving effected in distribu- 
tion cost, as the stocking of these waters with fish produced at Neosho 
station would necessarily involve heavy transportation expenses. 

GREER SPRINGS (MO.) SUBSTATION. 

This field station, also operated for the first time during the 
year, is located on land belonging to L. E. Dennig, of Oregon 
County, Mo., who desires the cooperation of the bureau in develop- 
ing here a source of supply for rainbow-trout eggs. Apparently 
there is nothing to interfere with the success of this undertaking, 
as the flow of spring water is abundant, amounting to approximately 
204,000,000 gallons per 24 hours, and the site appears to be well 
suited to fish culture in other respects. 

Under the agreement effected with the owner the bureau is to 
supply not less than 50,000 rainbow-trout eggs annually, to be 
hatched and reared at his expense in pools which he has constructed, 
half the product in fingerling fish to be distributed locally and the 
other half to be at the disposal of the owner. Of the 70,000 finger- 
ling fish resulting from 100,000 eggs developed at this point during 
the spring 30,000 were planted as fingerlings No. 14 in Greer Springs 
Branch late in March. The remainder was held to the No. 24 
fingerling size and liberated early in June. 

LANGDON (KANS.) SUBSTATION. 

At this place, about 35 miles east of Hutchinson, Kans., the bureau 
recently leased from Eugene Catte a pond system approximately 
64 acres in area which had been successfully employed by him in 
past years in the production of black bass, bream, and crappie. These 
ponds having recently been used for goldfish culture, no brood fish of 
the various species desired were available, hence collections had to be 
made from wild fish and transfers arranged for from other stations 
of the bureau. By the 1st of April a brood stock consisting of 366 
black bass, 391 sunfish, 425 crappie, and 58 rock bass had been as- 
sembled and installed in the ponds. Nesting and rearing activities 
progressed favorably to the close of the year, though some of the 
stock was lost during a heavy rain that flooded the pond early in 
June, washing away considerable numbers of fry and fingerlings. 
Owing to shortage of funds no distributions could be made from 
these ponds prior to the close of the fiscal year. 

There are 13 other ponds belonging to farmers in the vicinity of 
Langdon, and with these men an agreement has been effected 
whereby the bureau is to collect at stated intervals the fish they are 
able to produce in their ponds, paying for them at a stipulated 
price per thousand. 
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WHITE SULPHUR SPRINGS (W. VA.) STATION. 

[Epwarp M, Haynss, Superintendent. ] 

The outcome of the year’s fish-cultural work was the most suc- 
cessful ever experienced in this field, the distribution of eyed trout 
eggs being the largest in the station’s history while the production 
of fish compared favorably with the record output established in 
1922. In fact, the volume of the work has now reached a point 
where it can not be further extended without enlarging the hatching 
and rearing facilities of the station. The results secured were ac- 
complished in the face of unusually difficult conditions. Lack of 
rain throughout the entire fall reduced the water supply in the 
hatchery and ponds to such an extent that a considerable number of 
the brood trout perished though every possible precaution was taken 
to save them. While this loss did not appear to reflect unfavorably 
on the egg collections, its full force will be felt in a considerable 
curtailment of the work next year because of the shortage of brood 
fish. The year’s operations were also unfavorably affected by ad- 
verse weather conditions during the spawning season of the so-called 
pond fishes. Sudden and extreme temperature changes of air and 
water occurred repeatedly throughout the entire spring, causing the 
parent fish to desert their nests and resulting in heavy losses of eggs 
and fry. 

The species handled were the rainbow trout, brook trout, large- 
mouth and smallmouth black bass, sunfish, and rock bass, and the 
grand total of the distributions aggregated 2,653,826, of which num- 
ber 1,097,500 were eyed eggs of the rainbow trout. With the ex- 
ception of 114,500 black bass, which were distributed in the fry 
stage, all the remainder of the output consisted of fingerling fish of 
the various species mentioned, rainbow and brook trout predomi- 
nating. 

Notwithstanding the injurious effect of the abnormally low water 
stages upon the brood rainbows, some of which succumbed prior to 
the spawning period and others immediately after being stripped, 
the egg collections, amounting to 2,316,000, were the largest in the 
station’s history. Their quality was also good, the percentage of 
hatch exceeding that of the previous year, while the reports on eyed 
eggs shipped to applicants were uniformly favorable. The output 
of fingerlings from this stock numbered 726,900. The fish were dis- 
tributed somewhat earlier than in former years and to this fact is 
attributed the smaller losses sustained in shipment. The health of 
young trout is liable to become somewhat impaired when they are 
held for an extended length of time under the crowded conditions 
necessitated by the limited rearing facilities available at this station, 
and for this reason the practice of early distributions should be con- 
tinued, the work to be started not later than the middle of March 
if possible. 

All brook-trout eggs handled were purchased from commercial 
fish-culturists, no collections being made or transfers effected from 
other hatcheries of the bureau. The number received amounted to 
approximately 923,000, nearly half of them being paid for by the 
State of West Virginia with the understanding that the product 

88453—24—_6 
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hatched from an equal number of rainbow-trout eggs would be turned 
over to the State for distribution. Though the percentage of hatch 
was in excess of 96, the quality of the eggs as a whole was somewhat 
inferior and the losses of fry prior to the feeding stage were un- 
usually heavy, especially on one lot that was badly affected by the 
disease known as “bluesac.” The fish were distributed as finger- 
lings Nos. 1 and 2, the output amounting to 710,066 not counting 
2,000 that were retained for future use as brood fish. 

The output of black bass of both species amounted in round num- 
bers to 117,000, or about 16,000 more than were distributed last year. 
Most of these were shipped i in the advanced fry stage. 

WYTHEVILLE (VA.) STATION. 

[CHAS. B. GRATER, Superintendent. ] 

The output of this station amounted in round numbers to 695,000 
eggs and fingerling fish, an increase of 63 per cent over the produc- 
tion of the previous year. About 25,000 of this number represented 
such pond fishes as the black bass, catfish, rock bass, and sunfish; 
243,000 were eyed rainbow-trout eggs, and the remainder consisted 
of fingerling rainbow and brook trout. 

On the stock of 1,044,000 eggs of the rainbow trout secured during 
the fall there was a loss of 347,500 owing to the presence of large 
numbers of defective eggs, known as “ pinheads.” Some of this 
heavy mortality was doubtless due to the advanced age of many of 
the brood fish. but it may also be attributed in large part to the poor 
physical condition of the brood stock as a whole, brought about by 
an insufficient water supply during the late summer and early fall 
when the flow from the spring was at a low ebb. 

For the purpose of ascertaining the percentage of hatch a lot of 
eyed eggs was planted in a mixture of sand and gravel in one of the 
ponds. There were no results, but in another lot of the same age 
placed in nests of screened coarse crushed rock in a trough in the 
hatchery the mortality appeared to be very small, the fry emerging 
from the stones with the sac well absorbed within a period of two 
weeks. 

At the beginning of the feeding stage two lots of fingerlings, 
equal as to numbers, size, and weight, were selected for the conduct 
of an experiment made to test the value of a commercial fish food 
composed of fish and cereal as compared with beef heart, the mate- 
rial in general use at this station for the feeding of fingerling fish. 
At the end of 60 days the lot that had been fed on beef heart showed 
an increased weight of 42.75 ounces as against a gain of 8.35 ounces 
for the fish receiving the commercial food. A second test was made 
with two equal lots of fingerlings that had been fed for a period of 
two weeks on beef heart. At the end of the 30 days’ trial the lot 
that had been changed from the heart to the commercial brand of 
food showed a gain of only 12.75 ounces while the control lot had 
increased 24.75 ounces in weight. 

Most of the adult fish at this station have been fed on liver and 
other slaughterhouse products in the past, but recently a change was 
made to beef heart mixed with varying proportions of mush. This 
diet has been found to result in a large production of eggs of good 
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quality, and it is believed it will do much toward the eradication 
of thyroid tumor, which appears to have gained a foothold among 
the brood stock. The presence of this disease is believed to be due 
in large measure also to the method employed in cleaning the ponds. 
Under certain conditions it is necessary to wash all accumulations 
of sediment down through a pond containing fish to the outlet at a 
time when the depth of the water does not exceed 8 to 10 inches. . 
This is not considered conducive to the health of the fish, since a 
large amount of the waste matter must pass through their gills. 

With the view of improving the methods in this respect a bulk- 
head extending about 6 inches below the surface of the water was 
recently installed about 12 feet below the upper end of one of the 
ponds, with a gateway in the center of it. When cleaning this 
pond the water in the upper section is lowered and that portion 
cleaned first, after which a seine is passed around the fish, causing 
them to enter the cleaned portion; the gate is then lowered, and 
the remainder of the pond cleaned without subjecting the fish to 
insanitary conditions. 

Acting on a suggestion from the fish pathologist, a small quantity 
of iodine solution was mixed with the food given to one lot of fish 
in the hope that it might tend to lessen, if not prevent, the develop- 
ment of thyroid tumor. Sufficient time has not yet elapsed to permit 
of any statement as to its effect upon the fish. 

The pathologist discovered that a large number of ailing No. 14 
fingerling trout were infested with flagellate. It has been noted that 
the mortality among fingerling trout of this size is considerably 
greater than among older fish, and also that it is heavier in the 
spring than at any other season of the year. 

The filtering system was used during the incubation period and 
up to the time the fingerling fish were distributed. By the use of 
a dropping device for the purpose of introducing sulphate of 
alumina in the water-supply tank, in varying amounts to meet the 
requirements, the turbidity of the spring water was greatly reduced, 
most of the sediment being precipitated to the bottom of the tank. 
This greatly lessened the work of caring for the eggs and fry and 
it is believed to have averted a large loss of fry, especially of the 
brook trout, which do not appear to be able to survive roily water. 
Considerable trouble was caused by the development of “ pop-eye ” 
among one lot of rainbow trout that had been held in water taken 
direct from the spring, but on transferring them to troughs con- 
taining water supplied by the filter the disease lessened and gradually 
disappeared. 

The efficiency of the station was greatly increased during the year 
by the installation of 18 newly constructed troughs in the old 
hatchery building and arranging them so that the water supply 
can be drawn either from the filter or direct from the spring. 
These troughs have a capacity for 1,000,000 trout eggs, 750,000 fry, 
or 180,000 fingerlings No. 1. 

The new hatchery has two hatching rooms. The one in the base- 
ment is equipped with 20 troughs arranged in a single series on 
iron-pipe supports, each trough being 13 feet 5 inches long, 14 
inches wide, and 6 inches deep. The room on the floor above con- 
tains 40 troughs arranged in two series, and the water supply, which 
may be taken either from the filter or direct from the spring, is 
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obtained from an open head trough. After passing through the 
first two troughs the water is carried into the waste ditch, and 
from there into the ponds containing the adult fish or directly into 
the creek, as may be desired. These two hatching rooms have a 
combined capacity for 3,540,000 eggs, 2,655,000 fry, or 590,000. 
fingerlings No. 1. 

Early in the year arrangements were made for the thorough 
renovation of the bass ponds, which had become so filled with sedi- 
ment and overrun with lies as to have their usefulness greatly 
interfered with. A road scraper and team were employed so far as 
practicable to remove the sediment, which in many of the ponds was 
from 12 to 14 inches thick. In the ponds having soft bottoms it 
was found necessary to provide hard bottoms by first distributing 
a layer of coarse stones over the soil and filling the interstices with 
crushed rock. 

Cement catch basins or kettles were installed in several of the 
ponds with the view of discontinuing the practice of drawing the 
small fish out into a screened box with the muddy water and then 
dipping them out with nets. This kettle, consisting of a cement 
basin about 5 feet wide and 12 to 14 feet long, with wide walls ex- 
tending approximately 12 inches above the pond bottom, is set just 
ahead of the drain box. When the water has been lowered to a point 
level with the sides of the kettle all of it must then pass through 
the sluice gate cut into the side of the kettle next to the drain box. 
Following the water current, the little fish are naturally carried 
into the upper end of the kettle, where the water is comparatively 
clear. 

POND FISH-CULTURAL STATIONS. 

The output of the several stations composing this group was 
seriously curtailed by unfavorable weather conditions during the 
spawning season. ‘Though unavoidable, this falling off is to be 
regretted as under the most favorable circumstances it has been 
found impossible to fully meet the demands for the so-called warm- 
water pond fishes, this applying especially to the two species of black 
bass. The aggregate output by species of these seven stations during 
the year was as follows: 

Rargemouth iblack Dass)! soe See ee ee 1, 478, 204 
Smaalimouthiblackpbassss 222s wae phate Bre 5 Ee Ne. 422, 200 
SSDI GN Os] alee ene MODEL 2 MER ARAL PB pba Pree Hy DA Se DD 260, 888 
@MmapPUe Le) 3 sees het ke Desa rSCF es EE aR eee eee eee 6, 980 
CAST et Pt EE Ra SERINE By EL SE NEE LO wh 13, 505 
RO GIFT WAS wate os ch Vien OY I oe 2 a Se SE Ee) ee 19, 610 
Wiearimnouth Dass ce Nok Cea ce Teg ee oe See ae eee 8, 900 

COLD SPRINGS (GA.) STATION AND SUBSTATIONS. 

[CHarRLes A, BULLOCH, Superintendent. ] 

The principal species produced at this station is the largemouth 
black bass and the pond space ordinarily devoted to the work is 
large enough to accommodate 800 brood fish. The persistent efforts 
made in advance of the spawning season to secure additional adult 
bass from various sources in Georgia and Florida to compensate for 
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the losses that have occurred recently were unsuccessful, and in the 
face of a shortage of nearly 200 breeders two of the ponds were 
allowed to remain idle. The bass work was still further curtailed 
by a total lack of results in two other ponds that had been stocked 
with adult bass transferred early in the spring from Washington, 
D. C. Notwithstanding these discouraging factors, however, the 
station’s production of fry and fingerling fish of this species ex- 
ceeded last year’s by 140,000, while the total output of the station 
and its Harris Pond auxiliary was nearly two-thirds larger than that 
of the fiscal year 1922. 

Early in the year the pathologist made an effort to discover the 
cause of the heavy mortality occuring among the adult bass. No 
conclusion was arrived at, but it is the belief of the station super- 
intendent that it is due to some deficiency in the food supply. 
Chopped mullet constituted the food supply of these fish during the 
year, and while the losses have been lighter than last year when 
beef heart was being fed to them, the mortality has, nevertheless, 
been much heavier than at other stations where the hearts are gen- 
erally employed as a food for brood fish. 

The year’s production of crappie was almost negligible, only 1,500 
fingerling fish being realized from one half-acre pond. For some 
unknown reason this species has never responded satisfactorily to 
artificial propagation at the Bullochville station. 

Past experience at this station has demonstrated that ponds con- 
taining water throughout the year or remaining dry for only two 
or three months during the year are apt to produce large numbers 
of such injurious insects as Dytiscus, Gyrinide, and Hydracarina. 
With this in mind it was decided to drain all ponds immediately 
after completing the distribution in the late summer of 1922 and 
allow them to remain empty until late in February. Apparently 
this change was very beneficial. Not only were undesirable insects 
unusually scarce during the spring, but the ponds contained more 
daphnids, cyclops, chirinomids, and other natural food for young 
fish than ever before. 

As the water from Cold Spring has always been pronounced too 
deficient in lime for the best results in fish-cultural work, an experi- 
ment was started in September with the view of ascertaining if this 
defect might be overcome by introducing lime in the supply. Ina 
box 4 feet square and 2 feet high a false slat bottom was inserted, 
1 inch of space being left below the slats. This was placed in one 
of the ponds, a layer of coarse gravel distributed over the slats, a 
2-inch layer of sand over that, and finally a barrel of freshly slaked 
hme. A three-fourths-inch pipe was then installed in such a way 
as to force water up from beneath the slats and cause it to flow evenly 
through the gravel, sand, and lime into the pond. On May 1 when 
the box was removed it was found that all the lime had dissolved. 
As the results attained in this pond during the succeeding spawning 
season were not distinguishable from those in the untreated ponds, 
it is evident that the experiment had no beneficial effect upon the 
water supply. 

In the course of the year Cold Spring, the main source of the 
station water supply, was covered with a shingle roof supported 
on 8-foot studding set in concrete blocks. The exclusion of leaves 
and débris was accomplished by inclosing the studding with wire 
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poultry netting, and through the cutting off of the intense light 
to which the spring was subjected the growth of alg will be largely 
prevented. In order to confine the water within the walls of the 
spring, which has always been difficult owing to the gravelly nature 
of the soil, a wooden bulkhead was set at a distance of 20 feet from 
the wall on the lower side and the intervening space filled in with 
red clay to a depth of 4 feet. 

HARRIS PONDS (GA.) SUBSTATION. 

Operations in this field extended from March 15 to the middle 
of October and consisted in the propagation of bluegill sunfish 
(bream) and catfish (Ameiurus nebulosus), the young fish being 
collected from the ponds in the Nos. 1 and 2 fingerling stages and 
transferred to Bullochville to be distributed with the fish shipped 
from that pomt. The outcome of the season’s work was satisfactory, 
the production of sunfish exceeding that of any previous year, while 
sufficient numbers of catfish were distributed to fill all applications 
for that species. Fully 150 terrapin were captured in the ponds 
and destroyed during the season, and to this fact may be attributed 
a large measure of the success attained. Howev er, a more serious 
menace to fish-cultural effort exists here in the form of numerous 
beetles of destructive species, and no successful method of combat- 
ing it has yet been devised. The eggs of these beetles are deposited 
on the leaves of aquatic plants at or slightly above the surface of 
the ponds, where they are practically inaccessible. The supply of 
water from the springs is not sufficient to permit of changing levels 
during the spawning season, and the roiling of the water incident 
to wading into the ponds to cut the weeds would in all probability 
result in considerable losses through the smothering of the eggs. 

At this field station the side ditches connected with the pond 
system were deepened and widened to exclude freshet waters and 
the shallow portions of several of the ponds were made deeper, the 
excavated material being utilized in the improvement of the division 
banks. 

EDENTON (N. C.) STATION. 

a [W. 8S. VINcENT, Superintendent. ] 

In addition to the work concerned with the propagation of the 
anadromous fishes, mention of which may be found on page 54, the 
Edenton station produced the various pond fishes on a limited scale. 
Its output of such species during the year amounted to 62,920, of 
which the great majority were largemouth black bass fry and finger- 
lings. The remainder consisted “of sunfish, catfish, and crappie, 
only negligible numbers of the two last named being produced. 

LOUISVILLE (KY.) STATION AND SUBSTATION. 

[CHARLES W. BURNHAM, Superintendent. ] 

Though pond fish-cultural activities at this station were concerned 
with four species of fish, the principal work, as in the past, consisted 
in the production of smallmouth black bass. Approximately 93 per 
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cent of the year’s distributions were of this species, the remainder 
being largemouth bass, rock bass, and sunfish, each of which was 
produced in about the usual numbers. Adverse weather conditions 
during the first half of April interfered with the spawning season, 
and shortly after nesting had begun a sudden cold spell occurred, 
killing all eggs that had been deposited. Aside from this the season 
was a normal one and, as four ponds had been devoted to the small- 
mouth bass work instead of three as in past years, the final results 
were larger by 57,000 than in 1922, the previous record year. This 
extension of the work was made possible by the receipt of 150 adult 
bass just prior to the spawning season from collections made in the 
Lake Erie field. 

Adult bass for the enlargement and improvement of the brood 
stock have been received annually from Lake Erie collections for 
several years, some arriving in the fall and other lots in the early 
spring. During the past three years these various lots of fish have 
been segregated and special observations made with the view of 
determining whether those acquired shortly before the breeding 
season might be expected to produce as good results as the others. 
While no definite conclusion has been reached, it is the opinion of 
the station superintendent that this question is not a factor of par- 
ticular importance, and that, other things being equal, spawning 
may be expected to occur regardless of the exact time the fish are 
received. 

During the months of July, August, and September an aquarial 
exhibit of various species of fish collected from the Ohio River was 
maintained and proved a great attraction to the large numbers of 
visitors at the station. 

CAIRO (ILL.) SUBSTATION. 

The work at this point consists in salvaging food fishes that have 
become stranded in the sloughs or pools formed by the periodical 
flooding of the Ohio River. Owing to high water stages in these 
sloughs the collections could not be undertaken during the early 
fall. The work was started on November 13 and between that time 
and December 2 fish to the number of 1,207,750 were removed from 
temporary waters and returned to the river channel, the predomi- 
nating species being catfish, crappie, and sunfish, in the order named. 
The total cost of the operations amounted to $415, or an average of 
less than 35 cents per thousand fish handled. 

MAMMOTH SPRING (ARK.) STATION. 

[DELL Brown, Superintendent. ] 

The work of repairing and improving the pond system, undertaken 
during the past fiscal year at this station, was extended well into 
the fall of 1922. Several unfinished pond banks were completed, 
a new levee was constructed to replace one that had been destroyed 
by muskrats, and 4-inch pyping was purchased and installed to con- 
nect several of the ponds with the water supply. A sufficient amount 
of terra-cotta pipe for extending the supply t6 some of the unfinished 
ponds was also provided but not installed. During September and 
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October two abandoned ponds that had been allowed to grow up 
in weeds and bushes were cleared, and after plowing, harrowing, 
and leveling the soil, water was turned in and the bottoms thor- 
oughly puddled by the use of a team and drag. The addition of 
these two ponds to the existing system will materially increase the 
pond fish-cultural facilities of the station. All buildings on the 
reservation, with the exception of the barn, were painted during the 
year, a number of minor repairs were made, and a considerable 
amount of grading and leveling was done on the grounds preparatory 
to sowing them to grass. 

The corn received as rental for the use of a portion of the station 
reservation, together with the hay grown on the grounds and har- 
vested by the station force, sufficed as feed for the station team prac- 
tically throughout the year. 

In view of the preparations made in advance of the spawning 
season for improving and enlarging the brood stock of the large- 
mouth and smallmouth black bass, the results of the season’s work 
were disappointing, the combined production of both species being 
but little in excess of 100,000 fingerlings. During the preceding fal! 
and winter constant efforts had been put forth to acquire, by pur- 
chase and also by collections from open waters, all available adult 
bass not under 14 inches in length, and on April 15, when the col- 
lections ceased, the brood stock had been increased by the addition 
of 213 fish, giving a total of 500, of which 300 were largemouth bass. 
These fish had received as a regular diet throughout the fall and 
winter all the beef heart they would eat, in addition to about 50,000 
common minnows obtained from neighboring streams. When ap- 
portioned among the breeding ponds their condition was most ex- 
cellent. 

The nesting of both species of black bass began on April 4 in a 
water temperature of 58°, and eggs were deposited freely through- 
out the spawning period in the four ponds devoted to the work. 
The spawning season of the smallmouth bass was completed by May 
2, but eggs were deposited by the largemouth species up to and in- 
cluding June 10. The small results of the season’s efforts were due to 
various adverse climatic conditions, among them being the cold, back- 
ward spring, sudden fluctuations in air and water temperatures, high 
winds, heavy rains, and muddy water. Suffocation of eggs and fry 
in the excessively muddy water experienced was probably responsible 
for the greater part of the loss sustained, taking the season as a 
whole, though starvation is believed to have been an important fac- 
tor also, due to the inability of the fry to find sufficient natural food 
in the cloudy water. Moreover, it is reasonable to suppose that the 
natural food supply carried in the water during times of heavy 
rains and freshets is much smaller than when normal conditions 
obtain. The distribution of the smallmouth bass, consisting of 
20,200 fingerlings Nos. 1 and 2, was completed in June, but collec- 
tions of the largemouth species were still in progress when the year 
closed, the output up to that time amounting to 85,700 fingerlings. 
A compensating feature of the work was that all fish shipped were 
of fine quality, strong, and active. 

From the single pond that had been devoted to the production of 
rock bass 17,600 fingerling fish were collected when the pond was 
lowered in October, 1922. The late fall distributions also included 
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14,000 sunfish (Lepomis cyanellus) and 400 crappie. The output of 
all of these fish was without doubt materially reduced through the 
ravages of a large number of pike, which were not discovered until 
the water was lowered to make the collections for distribution. 
These fish are believed to have gained access to the ponds through 
the supply pipe from the spring. 

ORANGEBURG (S. C.) STATION. 

[G. W. N. Brown, Superintendent. ] 

The output of fish from this station, amounting in round num- 
bers to 435,000, represents the most successful year in its history. 
The great bulk of the production consisted of fry and fingerling 
largemouth black bass, the distributions of which were in excess of 
400,000. Most of the remainder were sunfish, with a few finger- 
lings each of the warmouth bass and catfish. 

The most serious obstacle encountered during the year was the 
flooding of a portion of the pond system by the heavy rains oc- 
curring in July, 1922, and the consequent loss of a considerable 
number of young fish. Other than this, natural conditions were in 
the main favorable to fish culture and a change in methods is be- 
lieved to have been a material influence in producing good results. 
Instead of confining the brood bass in two or three ponds during 
the winter, as heretofore, involving a second handling in the spring, 
the fish were apportioned among the breeding ponds immediately 
after the conclusion of the annual cleaning of the ponds, and were 
allowed to remain undisturbed to the end of the spring spawning. 
During the winter they were given all the food they would take, 
and their condition at the beginning of the spawning period was 
much better than under the old system of frequent transfer and 
handling. 
A catfish pond, 3 feet by 30 feet in dimensions, divided by screens 

into three compartments to permit of a free circulation throughout 
its length, was constructed and 1 pair of catfish placed in each 
compartment, it being the intention to follow up the experiment of 
hatching in troughs instituted recently at the Fairport (Iowa) bio- 
logical station. 

The overflow of the levees early in the year necessitated prompt 
action, the work involving the excavation of a deep ditch and the 
construction of a levee in order to divert the flood waters and 
save the pond system. The levees between the two reservoirs were 
then raised to a height sufficient to guard against a recurrence of 
damage during periods of excessive rain. Two spillways were con- 
structed—one at the outlet of the main reservoir leading into the 
drain and one at the small upper reservoir. The recent erection of 
a steel-wire fence around the reservation has added greatly to 
the appearance of the station and will afford pasturage for the 
station horse. 
An interesting experiment was made during the breeding season 

to test the possibilities of artificial propagation as applied to the 
black bass. On March 5 a nest of approximately 4,500 freshly laid 
eggs was carefully removed from one of the ponds and placed in a 
trough on a cheesecloth-covered tray. The eggs were found to run 
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3,000 to the liquid ounce, measuring 17 to the linear inch. On March 
7 the eye spot was visible and by the 10th all live eges had hatched, 
the number of fry being estimated at about 600. The heavy loss of 
egos indicated was doubtless caused by injuries received when they 
were counted. On March 23 the young fish rose from the tray as 
sac-absorbed fry and were soon feeding eagerly on beef heart that 
had been prepared for them by running it through a meat chopper 
several times, rubbing through cheesecloth, and “finally converting 
it into a thin soupy solution by the addition of water. On April 9, 
one month and four days after the removal of the eggs from the pond, 
they were distributed as advanced fry, their number being 394. 

SAN MARCOS (TEX.) STATION. 

[MARK RILEY, Superintendent. ] 

There was a serious falling off in the production of fish at this 
station as compared with the work accomplished in 1922, the total 
distributions amounting in round numbers to 271.000, or considerably 
less than one-third of the record output established ‘that year. The 
vield of the largemouth black bass, the most important species prop- 
agated, numbered 251, 918, and 14,508 green sunfish (Apomotis cya- 
nellus) were distributed. The other species handled during the year 
included crappie. rock bass, and warmouth bass, all of which were 
produced in negligible numbers. 

The poor showing made in the year’s fish-cultural work is attrib- 
uted to excessive rains and severe cold prevailing prior to and dur- 
ing the early part of the spawning season. Weather conditions 
thr oughout the month of February were exceedingly unfavorable, and 
the sudden temperature changes experienced in March—the extreme 
range extending from 83° to 27°—proved very destructive to the 
nests of eggs. “A determined effort was made to counteract these 
violent fluctuations of temperature by pumping into the ponds the 
warmer water of the San Marcos River, but it proved impossible to 
avert the disastrous losses of stock which occurred. 

The station was compelled to cover the entire State, making many 
long trips that involved a much greater expenditure of funds than 
would have been necessary had the State fisheries authorities been 
able to cooperate as anticipated. 
The inadequacy of the San Marcos station to meet the demands 

made upon it throughout the length and breadth of the State is every 
year becoming more apparent. Additional hatching centers are 
ereatly needed. At the present time an undue proportion of the 
funds allotted for the work of the station is expended in shipping 
fish to applicants located at a great distance. Were it possible to 
eliminate the large expense annually incurred for transportation the 
funds thus saved would go a long way toward increasing the produc- 
tiveness of the station. 

In an effort to alleviate the situation the bureau has been nego- 
tiating with groups of interested citizens in different sections of 
Texas in an effort to secure financial cooperation in the construction 
of ponds where supplies of suitable fish may be raised to meet the 
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demands of the immediate region, the management of such field 
work to be under Federal supervision. With this object in view 
two ponds have been constructed at New Braunfels, Tex., and funds 
sufficient for the construction of a small hatchery plant at Medina 
Lake have been contributed. Several other communities have ex- 
pressed a desire to cooperate in fish-cultural work, among them be- 
ing Fort Worth, where an abundant supply of water of good quality 
is available. 

It is a matter of regret that the clear-water ponds at San Marcos 
are not adapted to the culture of crappie, the popularity of which in 
Texas is only second to that of the black bass. In an effort to re- 
spond in some measure to the urgent requests for this species the 
bureau has for some time been introducing crappie in cattle tanks 
belonging to stockmen located in various parts of the State, with 
the understanding that a certain percentage of the young fish pro- 
duced therein shall be available for its distributions. While some 
success has been attained along this line the scheme is not an entirely 
satisfactory one owing to the liability of many of the waters to dis- 
appear entirely during the long periods of drought to which they are 
occasionally subjected. 

For a number of years past water for the station ponds has been 
supplied by the San Marcos Utilities Co. at an annual expenditure 
of $500. The service was not entirely satisfactory and at the sug- 
gestion of the company the agreement was terminated. A pump- 
ing outfit was then installed by the bureau with the view of provid- 
ing its own water supply and the results of the change have demon- 
strated its advantages over the old plan. During the last six months 
of the year the cost of keeping the ponds filled with water has 
amounted to $150.90, showing a saving of practically $100 for the 
period. It is also possible under the present arrangement to obtain 
water at any time, whereas 24 hours’ advance notice had to be given 
the company under the former plan. 

TUPELO (MISS.) STATION AND SUBSTATION. 

[Davip DAVIES, Superintendent. ] 

The Tupelo station produced a record output of fry and finger- 
ling fish, the total amounting to 492,940, or more than 100,000 in ex- 
cess of last year’s output. This record was attained in spite of the 
heavy losses of eggs sustained late in March when a sudden cold 
spell and a drop of 17° in the water temperature caused many of 
the fish in the shallower portions of the ponds to desert their nests. 
All of the increase consisted in black bass, the production of both 
sunfish and crappie being somewhat smaller than in the previous 
ear. 

¥ The new pond in course of construction during the past fiscal year 
was completed during the summer and fall and the pond was used 
for bass culture during the succeeding spring. This inclosure is of 
rectangular shape and covers an area of 2.14 acres. A considerable 
amount of repair work was done on the superintendent’s residence 
and all buildings on the station were painted two coats of lead and 
oil paint, most of the work being done by the station force. 
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FRIAR POINT (MISS.) SUBSTATION. 

On September 1 three employees of the Tupelo station with a 
temporary force of five men undertook the rescue of fish imprisoned 
in the shallow sloughs along the Mississippi River near Friar Point. 
Though unfavorable water stages delayed the operations fully 5 
weeks beyond the usual time, and the work was hampered by inabil- 
ity to secure satisfactory auto-truck service, the number of fish 
secured during the season, which ended on November 23, was almost 
100 per cent greater than in any previous year. The aggregate 
collections amounted to 1,644,239 miscellaneous fishes, the predomi- 
nating species being sunfish, catfish, and buffalofish, in the order 
given. About 8 per cent of the collections were distributed to ap- 
plicants and the remainder was returned to the main channel of 
the river. 

CENTRAL STATION AND AQUARIUM, WASHINGTON, 
BB pal G8 

[L. G. HARROoN, Superintendent. ] 

Notwithstanding the limitations imposed upon the bureau’s aqua- 
rial work in Washington, mention of which was made in the report 
of the division of fish culture for 1922, every possible effort was 
put forth to maintain as adequate a display of live fishes as the 
conditions would permit. So far as could be arranged for the 
methods of hatching employed at the different stations were illus- 
trated, eggs for the purpose being forwarded to central station as 
they were available. The following eggs were received during the 
year: 

Chinook jsalmonie: 2.260 alge fie) 2 ah Sc a sell 15, 000 
Humpback salmon___ 3 PAs er ak pane EE UY feet ERE PRS 49, 125 
H GoEE HUG YO tpn e100 0 aM ear Aan aa fy ARO Dies ae vb Wolo bi fatin 3 Se 24, 515 
Win POT STie 2 2s TET NE 1) 2 ea, PRR ee RATT 1, 152, 000 
KO y OT Gin eer tesa KE Sern ahs Kale Re dae Lae tae ene tees Se 1, 000, 000 

PO Ga See oS Se tas oie eS SN eee ee 2, 240, 640 

A large percentage of hatch was obtained on the salmon and 
trout eggs, and the resulting fry were healthy and vigorous until 
January 6, when a fresh supply of chlorine was introduced into the 
city water supply by the health authorities. Two days afterwards 
it was apparent that practically all fish and eggs on hand were 
affected, but the mortality among the rainbow-trout fry was so heavy 
that the lot had to be disposed of and the fry were liberated in the’ 
west branch of the Patuxent River. The chinook and humpback 
salmon seemed to withstand the effects of the chemical much better 
for a time, but on January 12 they also began dying rapidly and all 
fry of both species in stock were at once delivered to the Maryland 
Conservation Commission, at Baltimore, Md. Two thousand eggs 
of the chinook salmon were held with the view of trying to eliminate 
the gas from the water supply, but the experiment failed, all fry 
perishing soon after hatching. 

The whitefish eggs, which were of excellent quality, seemed to 
withstand the presence of the chlorine for about 10 days. A small 
mortality then occurred and continued until late in February, when 
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it ceased, the eggs apparently having become immune. Of the 
50,000 fry realized from this lot 3,000 were supplied to an appli- 
cant in New Jersey. The balance was held with the view of making 
observations as to their feeding habits, rate of growth, etc. The 
young fish eagerly took and appeared to thrive on a diet of pulver- 
ized beef heart, but in early May they began dropping off, the water 
temperature having become too warm. The last remnant of this 
lot survived until’ May 27, at which time they had attained a 
length of 1 inch. 
A creditable display of adult fresh-water fishes was maintained 

during the early part of the fiscal year, but a few individuals in- 
cluded in a fresh lot of fishes brought in from outside sources were 
found to contain the parasite Ichthyophthirius. No heavy losses from 
this cause occurred during the winter, but with the rising of the 
water temperature in the spring the parasite multiplied rapidly 
and soon became so numerous that a large number of the fish were 
practically devoured by the ravages of the organism. Efforts 
directed toward the extermination of the affection through the appli- 
cation of strong limewater solutions were made and this work was 
progressing favorably at the close of the year. 

Part 2.—DISTRIBUTION OF FISH AND FISH EGGS. 

[E. C, FEARNOW, Superintendent of Fish Distribution. } 

BRIEF REVIEW OF THE WORK. 

The output of the bureau’s stations (see table, p. 9) for the fiscal 
year ending June 30, 1923 (4,314,859,029 fish and fish eggs), was 
distributed throughout the States and a consignment of eggs of the 
black-spotted and rainbow trouts was sent to the Territory of 
Hawaii. Shipments of fish eggs were also made to the Governments 
of Canada, Argentina, Czechoslovakia, Germany, and the Nether- 
lands. Approximately 90 per cent of the net output consisted of 
fish and fish eggs of commercial species which, except in instances 
where the eggs were shipped to State fish commissions (see table, 
p- 96), were planted in waters where the egg collections were made. 
The species handled in this manner were shad, glut herring, white- 
fish, cisco, salmons, pike perch, yellow perch, striped bass, cod, 
pollock, and flounder. The principal species available for stocking 
interior waters are as follows: Black-spotted, brook, and rainbow 
trouts, catfish, largemouth black bass, smallmouth black bass, rock 
bass, crappie, and bream. While only one-tenth of the bureau’s 
output is diverted to inland waters, the importance of maintaining 
a supply of food and game fishes in the waters of the interior States 
is attaining greater significance with the increased cost of food and 
the desire of some 7,000,000 of the population for the wholesome 
recreation of fishing. The importance of this phase of the bureau’s 
work is recognized by the leading railroad companies, which, in 
many instances, furnish transportation at a reduced rate for the 
movement of the bureau’s distribution cars, and grant special 
courtesies to distribution employees carrying living fish in baggage 
cars. 
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Valuable aid is received from State fisheries authorities, fish and 
game associations, and public-spirited individuals who arrange for 
the transportation of the fish from the railroad stations to the waters 
where they are to be planted. A wholesome effect of such coopera- 
tion has been the development of a sentiment against the destructive 
methods of fishing common in some localities. 

SUMMARIES OF DISTRIBUTION. 

DISTRIBUTION TO ALL APPLICANTS. 

The following table shows in summarized form the numbers and 
species of fish and fish eggs of the net output of the hatcheries for 
the fiscal year 1923 that were delivered to applicants: 

Summary, by species, of distribution of fish and eggs to all applicants, fiscal 

year 1928. 

{Asterisk (*) denotes eggs; all others are fry, fingerlings, or yearlings.] 

UNITED STATES AND TERRITORIES. 

State and species. Number. State and species. Number. 

Alabama: Delaware: 
Cat fisheiens <1 5.9 ESS Se A eal: 8, 000 Largemouth black bass_________- 3, 731 
‘Butralofisne-—. _- eee Mae ERLE 20 SuMfishe ee ks Peet eee | a OMS: 
Crap pieces: see Ait 5 1, 255 Yellowsperch=2 22-23 aes 500, 000 
Largemouth black bass_______-_- 426, 400 || District of Columbia: 
ae pees pe eee he elt eee ns 3 | ‘ oa aieetes ra eg BARE Se ic 

UTTER S EN rs IA, A le 2 he 4, 80) argemout ack bass-)2sn02 23 : 5 
Alaska: Florida: 

Humpback salmon______________ 240, 000 Largemouth black bass______--_- 2, 000: 
Sockeye salmon__________- eat De 71, 444, 936 || Georgia: 

APSTOOKSTROWMLS- sen eae RPE ATES 50, 000 |! LOVETT IS) 0 eee ss eM Sela ab ati eae 9m 5, 950: 
gerne F Ved | Rambow troutessias epee tee ees 54, an 

1h) dL = enn ah TI 3, l| IBTOOK thOWb 26. a= sae an eae oe 36, 
Rainbow troutl sen eek if *5, 000 || Crappie iithith. te Tee 645 
Black-spotted trout -___________- 24, 000 || Largemouth black bass_________- | 151, 940 
IBrOOksnout sees eee FPN TINS | 70, 000 |) od Dass! 5.2. Se Le ERGn TES, 50 
Ueteerioul black, bass. 22-8224 1, 166 i| Sunfish? § oye de ae Be 52, 900 
WNMSh ~~~ =~ = - ~~~ = =~ | Idaho: 

Arkansas: @atfish) 2 Ne Raye ees, 1, 500 
need trout_.---------------- 16, 0 Il eye Rbbibefighs 2.00 Sk oe Sale aie eo 000, 000 

== -=------~--~----------| |, 400 |) 9 Chinook salmon___._----_--_---- 1, 100, 
Largemouth black bass___------- 60, 700 se reels ro RVtior. 190, 000 
Smallmouth black bass___------- 3, 200 || Dandlocked salmon: ea=== 20, 349 
Rock: bass aAe eee Vee Gea LOOPS fads SGOT RIA RES PE Se RA +175, 000 
Simfishmeemanans 18, 525 Black-spotted trout ---_------.-- { 31) 500- 

ee bomioere 400, 270 Brook trout.) /))N2GURss. Ge 98, 700 
alifornia: es Atha: } 

F iE | Illinois: 
Chinook salmon______._--------- 3, 804, 400 || GRiTisHeek UR ee an 929, 320: 
Silvensalmon’?—(4es S25 ease 100, 000 || | *3 000, 000 
Black-spotted trout_..._-_-_-_-_} *100, 000 || Carp se ars Sh San Boa pee een 347 910 
Wake route ee fete ea as *100, 000 j *29 930, 000: 

Golprado: sooaikh Burlalofisn es oon = 3 ope cee { 157. 975 
Oa TShee es eee fh: eee ee ‘ , 750 || bs % ; 

Steelhead salmon.2.---2- === {50,000 xl. «| aya bow, Wor Tepe apn eG 
Rainbow trowt-225.. ese tee { a ee Pike and}pickerel = 22 _ Sees | 16, Spr 

Black-spotted trout_-.-.-------- 385, 000 Fresh-water oe aa a 387 ee 
Loch Leven trout -._.--.-.------ 12, 150 | To oeeoee En ilack Baas eer | 3” 390: 

*50, 000 argemouth black bass____------ | m 
Aeakennomt 2. oth ae ae Wee ae i 120. 000 Rock basss4 4 eee pee SS | 100: 

Brook trout 08! eye Te 87862, 050) Spo aean Ages Pics | era 
Crappien oe rs ake see ces see ees ils rit ae Pi aie a ee 

‘ H Wihiteibass_- =~ See eegier. seer + Ki 

Fee ae ee eo | Mistaneoas fishes. ————— 2 886,795 
SUT AShi es ee ES 475 | Indiana: 
Yellow perches. pits Peer ee ak 900 Gebfsh pin pea ot ee pa et ae ae 

Connecticut: rook trout_____------------_--- aa 
Rainbow trout_._.-.__-._-.._-_- 10, 500 | Cranvie a 620 
pees re dey TAGGIN *60, 000 | Largemouth black bass__.__--_- 22, 155 
Brook trout. (ons Preheat 117,975 ||  Sumfish__..__-.-_--__------------ eaeD 
Smallmouth black bass____-___- si ut I j Yellow perch _..------+--_-____- 1, 
PIKGiPeLGhe ss ao). aE ee ee eS 130, || Towa: 
Wollow: perch! sya s =e 22s a 105 | Catfish: 2. ass Se eee 10, 188, 038 
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Summary, by species, of distribution of fish and eggs to all applicants, fiscal 
year 1923—Continued. 

UNITED STATES AND TERRITORIES—Continued. 

State and species. Number. | State and species. Number. 

Iowa—Continued. Pere een Massachusetts—Continued. g 
18, 000, 650. 980, 000 

Carp_.-.------------------------ __.8 152, 470 Cod...-------------------------- B76, 813, 000 
12, 825, 000 104, 400, 000 

Buffalofish__-.---.-------------- { 6, 108, 685 Haddock_-_----_---------------- __.2 980, 000 
5 155, 6 33, 960, 000 
ye trout..---------------- { 1, 000 Pollock - -_-_---.---------------- 276, 098, 000 

(ES) T TH (Fa BO *75, 000 229, 345, 000 
Wind tists 2s) coe Pee ss 5, 875 Flounder. -------------.-------- { 159,032,000 
Prkeand pickerel -.-....=-2--—2- 92,120 || Michigan: 
arse enum: See fe es , ae en euesh Se OR rei RA 2, 700 
Led EVO LAS) kage ete cape ae ae Rg 10, 305, STEER eee se Oe ee 30 

Largemouth black bass__._-_____ 68, 854 Whitefish { *17, 440, 000 
Jan elie | ONS Oe oe Re TOO WRAY tieiasenes rl atapes aoe sor ne Tae 22, 350, 000 
Warmouth bass-__- 80 @iScos Bae ee rahe *10, 000, G00 
peuieh rhea 5, 695, 870 Steelhead salmon__ —-.__...4--= 40, 000 

ellow perc 49, 615 = { 15, 825 
White iascwcen sess Mil oun Fe 3, 481 Landlocked salmon____--------- 10, 000 
Miscellaneous fishes_____________ 8, 174, 647 Riagiuibow trout. ee .. 62, 000 

See WO es 600 Lake trout _____- 2 eee { of & Lo 
Largemouth black bass____-____- 2, 905 |! BrOOksUrOU tt esas ae ee ee Dass 341, 800 
PCRS Eee RENAE Are pn 82S 570 |} (Git) of on] eee ne, ee ees 2) 625 

Kentucky: Largemouth black bass-_--_____- 18, 950 
soos FLERE ON OP eek 755, 600 Smallmouth black bass_________ 46, 250 
ESA GRRSUCAS TIL Ela oN a hee Sa LIN ly 22, 600 || Sues ess eae ak ie 925 
COVED 0) GUUS ae SS Sk SES ae ee arc 307, 125 |) Pike penchant Ss oo eee hoe 2, 325, 000 
Largemouth black bass____-____- 3, 950 Wellow perch. =. ssa see 300 
Smallmouth black bass_________- 397, 331 || Minnesota: 
Ge ASStey, ihe ly a ed eel 1, 750 Gat his tire et eye eh ot ae ee 5, 819, 180 
iS ile 13 Gi a eee Ae Sa ee reer 146, 000 Biritalonsh ee oe = yen ee ae 24, 593 

Louisiana: COEV i afe uee 1 Can tes oe Pee Tes ene re 1, 008, 865 
SEE RY Ca se on SS BES es OS a Beer lr - 2, 278 WV Te Fish eae oie a cl se Ot 1, 025, 000 

? 128, 114, 500 Steelhead Salmrone 2 os aes 33, 000 
peer naa2eoenn2ee ene ens ==-- { 5, 952,300 || | Rainbow trout................. wi 000 

(PPS eee ee ee eee 1,015 = 00, 000 
Pike and pickerel __._--__-______ 60 |) Lake trout --_------------------- { 1, 595, 000 
(CUS) 0) 0) (ES eT ee 15, 450 || Pike-and (pickerel: =... 22 311, 710 
Largemouth black bass__.....-___ 1, 384 BrOOkK OM paos ee oe aa ee 142, 300 
BN ASH eee eee ee 21, 450 Orapplens- ob a ois eee aor ekg 11, 018, 770 
WL? OE Cones ee Od SE ee 5, 595 Largemouth black bass_________ 99, 095 
Rresh-water drum. 20-2. 2-32. 12, 225 otis basset She hoa ae 1,010 
Miscellaneous fishes____________- 803, 568 Santis soa h ie Bee 7, 818, 560 

Maine: Pikelperch eek ie ae 850, 000 
Atlantic salmon en 2 EY: Fee 491, 038 Yellowsperehe sees ees oe 519, 740 
Landlocked salmon-.--_-____---__- 809, 070 Fresh-water drum _____._-_____- 18, 950 
ES TROUte a eee ey *50, 000 iyhtel basse telctrs b Aira yolaee erie 20, 580 
SICOOR: LOM Goat eee en 913, 900 Miscellaneous. 22) 5 ee 534, 900 
Smelt on 280, 000 || Mississippi: 

(a Saas 24 GPT Le 9a 000, 000 COSTS eee es 1 epee ales Sy 313, 085 
Smallmouth black bass______---- a 169 STHITALOL SEE ooo ea eS ea 88, 480 
PGE err te ee s ie e ye Lee ved 675 CEN OB SS i i a SL NT ed a a 300 
iM tepanete sie) ee ee ees 866, 800, 000 rappie ele 8 2s eee iil 8, 524 

Maryland: Largemouth black bass________- 146, 831 
OPP ETD 3S ae pce 750 | ROC Dassmamen: <a bagel re i | 1, 545 
CEG S228 oe 100 rH GCOS oR 2 UNS S Ed ee aes F 653, 900 
Shad -Hste 26> 3a ae eee 9, 837, 500 EWEEI TOLD ASS erie eee Ses 2, 650 
Whitefish _______ eee rie ee *192,000 | Missouri: 

* x 

Ghinook salmon!:........-.-...- { - tae | Catfish - ~~ --.--.-_-------------- ae auf 
Humpback salmon..___.---..--. 7 6, 350 | Rainbow trout__-.-------------- { 115, 290 

: = 115, 000 TAD DIRS Yay angen ks ep Og 2, 300 
Rainbow trout_----------------- { 39, 890 Largemouth black bass________- 41, 378 
Sibel ROPER Ate Sere ta Fi. 2 Fd. 9d 3, 450 | oreiaouth black bass225-" ee 17, 038 
eT) 0) tee ea Se Ne Oe 700 | CGE) ASS ee atte ep Re AS A 3, 240 

Large i black bass___-_--.-- 3, 564 | Sfuda ts Sai 9, So ee Sep ENE OPT uy Me i i 
UMS: SS Se ee eens 6 L 0, 

Ginifah: anit LL ee ee 30 | Yellow perch __-~--------------- { 2, 000, 150 
“ Bellow oth Cee See ae cy 63, 957, 200 || Montana: eta 

assachusetts: Visi ct oY (2) 2 ea a SES SNM ey od 1, 000, 
Finisibowatoutes.. > -..-2 080 2 17, 900 : *100, 000 
Marek eco *900 Steelhead salmon____->------_-+- 50, 000 

Brook tonto {—ngg°200 |) Rainbow trout... oy BU 40 
Smallmouth black bass----_---- 9, 000 | Black-spotted trout - ---.-------- { ; 522, 200 
LPT a3 cl eS ee pean 355, 000 | rer trol ets Sak Ce ae 50, 000 



94 U. S. BUREAU OF FISHERIES, 

Summary, by species, of distribution of fish and eggs to all applicants, fiscal 
year 1923—Continued. 

UNITED STATES AND TERRITORIES—Continued. 

State and species. Number. State and species. Number. 

Montana—Continued. a eaed Borie pa 
5 BLS Here £35 a te Oe 13, 000 

me ers aes sa { 849, 450 | Buffalofish__________ 1,110 
Largemouth black bass---------- 500 (Cars OST wes ae ene 2 Nip ie PE 6, 425 

Nebraska: Largemouth black bass _-_-___--- 1, 800 
Catfish__--_------------+-------- 454 Sunfish sees Ws ae ee 1, 965 
Brook trout--_------------------ 54, 000 Rviellow, perchinsis.2 . suena 1, 400 
Largemouth black bass_--------- 800 || Ohio: 

Se mcllow, perch_....--------------- 450 (CRG fIS Ha cea 2s or cn aaa rae 11, 000 
iNevada: ach 000, 000 

Steelhead SalIMON ees ae Ss *100, 000 Carp wrt renee { 115, 000, 000 

Rainbow trout. -.-52----==-==-=- 18, 000 | Whitefish *92, 400, 000 
New Hampshire: s Wwensh __________--__---~------ { 100, 000; 000 

@hinookosalmone. 2-22 e228 120, 000 Steelhead salmon_____________-- *20, 000 
Steelhead salmon__-------------- 520) 000 Rainbow trots 2222252222322 3 *60, 000 
Landlocked salmon ------------- 20, 349 Brook trout ere eee eme een 18, 000 
Rainbow routs. 2-2 25-2. Suey mt an Crappics ere ea ae rnd Rea eee 2,975 

, Largemouth black bass - -------- 8, 150 
aril | Ware a aaek emai Naa aaa { 52, 500 Smallmouth black bass__....._- 4 475 
Brook ee bie 2 Ss iy Sere reo Seo 659, iG SUNPSRE eee aT ee eee 3, 650 
Smailmou ac BSSo Seas 8 VE : *37, 275, 000 

HRI MpCLGM =e ee eon as saan nae 75, 000 | Pike perche se ef ss. eons ssneoee { 51, 100, 000 

New Jersey: Yellow perch sees) = ee eee | 1, 300, 395 
Wihitefshe se oane ene ee op? 009 |) Oklahoma: 
Steelhead salmon-_-_-.------------- A 25, 000 Rainbow trout_.......-----.---- | 119, 000 
Rainbow ttroutel a: Seas. See | 100, 000 Bock basses sen 200 
Brook troubees 2256+ ee eee 27, 000 STL ae ena pean Sih al | 1, 860 
Largemouth black bass---------- 1, 475 Yellow perch___..__-______-__-- 1, 100, 000 
ee imoeth plackbassss2==) = es 2} om Oregon: | 

Sumani. eee eee ene : e 

Pike perch.....--.-2.2---.2=--— 750, 000 Chinook salmon... .-.---------- { ; ot eed 
New Mexico: Chumisalmons= (ote ees 95, 000 

Catfish__..-~-~------------------ 9, a Silversalmonssp-seee es ee | 2, 633, 600 
Carp_._------------------------- | : 180 Sockeye salmon____-__---------- | *5, 045, 000 
Rainbowiusrouts-. -— == Pee 389, 500 *410, 000 

Black-spotted trout { 50, oo Steelhead salmon. ------------- 3, 466, 000 
| Eau Rainbow trout.._...-.---------- 105, 000 

Brook trout.--------------------| { 180, 000 Black-spotted trout--_---------- { Be ean 
Crappie______-__-_.------------- au BOtOCR eT Ee ee 25, 000 
Largemouth black bass_--------- | “anets Breck oat etn ee eee 25, 600 
Sunfish - ---.-------------------- | 1, 09 || Pennsylvania: 
Yellow perch.------------------- : Rati) Vat eee ak ee 24, 696 

New York: . Buftslofish see ee 50 
Catfish _..-.-.------------------ | 2,009 SNiiiiebeh (0 esa) oman ie *28, 000, 000 
Wirialonsiees Hees ee ee See 30 < *231, 060 

. *34, 009, 000 Rainbow trout. 2.23 see { 128, 300 
IMinitenshees: 22202) eS ee 85, 300, 000 , 

; "000, (RTO KuprOUus = aaa) Serene eee 318, 259 

Cisco-_-------~---------------="- | 39, 000, os (rap DIC sae ene eee 2, 354 

Steelhead salmon_-_------------- iy Ha Largemouth black bass --------- 26, 440 
Landlocked salmon ------------ So a Smallmouth black bass--------- 2, 000 

Rainbow trout-.----------------- { 92, 800 ROG DaSS HS eae eo ee ena 375 

*10, Simnisp oe) hoe ee ae ee 5, 397 
Black-spotted trout ------------- +] Eat th Pike perGhee eae ee eee eee 800, 000 

Bake dronises eet ae Ih (oe Pe eettono || Woke Mellow perch! s< s-- cbs amee 1, 201, 920 
Epis ” 607, 600 || Rhode Island: | 

Eee cate. Oe 1770 Blounder 22.1.6. a sec sea 32, 949, 000 
TAD DIC. settee nee eee ee ae ,7 ies ‘ 

Largemouth black bass_--------- 15, 710 oa alte pee pT eae 180 
Smallmouth black bass---------- a 394 Re ainbowitrouts nce 14, 400 

Rock bass_.------------------+-- ate nae Broo kiilOUlbce ae a= eee 8, 000 

alae CT aaELOn GONE A 00” 000 Largemouth black bass--—-_--- 227, 864 
SN engacl ed RIE TELE ie Smallmouth black bass. ------- 1, 900 
Yellow perch_..--._------------- 801, 115 Ege GAGS oe oo ete | 274 

North Carolina: 575 Warmouth bass_------.-------—- 5, 975 
Catfish_-_----------------------- ae ST fiGhies Soon ee a eee eee | 17, 410 
Ghat nernin poe eee 150, 000, 000 South Dakota: 
Steelhead salmon-_-------------- | 450 || © e2C ES ea Daan. aad 2 2. 800 

Rai HOWTO see se oe ae EAU UGS Vat ctmae nn eee aa Ta” *310, 440 

Brook trout__------------------- | 216, pe Rainbow trout_----------- ceceee { 103" 500 
@vrappie! Ul e Ase een en ee Bases 5” 650 
Largemouth black bass---------- 189, 682 ee ee trout -------------- | me 400 
Smallmouth black bass---------- a roe | Crappie’ Hecict greet 400 

BLOGS USS oe eeer et Te sii 9) 995 Largemouth black bass- -------- 7, 650 Wanmotigh basse — = 2-3 ane 2, Sunfish | 570 
Sim TSH See ten ee see ae 23, 340 DUS ie nn oe per n ea aaa eee | 
wallow percha eaceeecer oe eeeees 500, 000 || Tennessee: 
iped bess rie © wie aes 16, 341. 000 Catfish: 222200. socte eee neecueee 5, 600 
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Summary, by species, of distribution of fish and eggs to all applicants, fixed 
year 1923—Continued. 

eee STATES AND TERRITORIES—Continued. 

It 
State and species. | Number. | State and species. Number. 

Tennessee—C ontinued. ear | Washington—Continued. 

Rainbow trowte- 2-5-2) a4 == { a ne | Silver salmom.———---------..___ } oe on 

Brook. teem eee ee Lal 18, 800 | Sockeye salmon -_--_-______ i 16, 185; 400 
TADPIO i 5 sesso eee = en ao 60 | f *442, 00:7 

_ Largemouth black bass---..----- 48, 133 | Steelhead salmon__________ oT 1, 963, 105 
Smallmouth black bass---------- 2, 750 | Rainbow trout__._.._________- 53, 
aes buSse ee eaten a 5, 400 Black a *105, 000 
PLE SEES Ul a eee 10, 275 | ack-spotted trout --.____. sree 158, 600 

Texas: | BLOORSURGI Gece ee ee ee 7, 600) 
oe, a Ma eee 400 | West Virginia: eed 
Seeaew Aa eee ee eee a a (rout fis eee See BO ST tates gh 275 
hyo Py Gy hs Be Oe BOS 3 epee | 1, 000. 

Largemouth black bass..__.____- 249; 168 Rainbow trout__-__-___________. { 583, 600° 
Rock bassi_____--__--.---------= 260 Brook trout______- caps la 667, 066 
Wrarmouth bass-< 2-22... --2 22 70 | Largemouth black bass_.______ 68, 880: 
STING ee ee 15, 503 ROCK ASS ete = 22 oot ret, cee 1, 230 

Wiehe se a a Co i ee ee te 680 
Pin G) Tee Sas Se eee © A | Wielow pPerene 2 ~ 300: 

Black-spotied trout...._.-.-_.=. 1,600 || Wisconsin: e 
Pe rhOWPtrOUb.. 2-22. Scag ae oe 333, 750 Watch: 10) Os a2 PIM ae: See 18, 930, 221 
makerroutees 0 = wl ees! *150, 000 | Bitialonsieeen sees scae ta Ai 2, 998, 995 
e@OKGrOlL- 22. ==" 253 -<, 2 ea 270, 400 Garpre. 7423S ee ede Fe i 4, 715, 160 

Vermont: *50, 000 Rainpowsiroutce = = ses see 126, 400 
Steelhead salmon_____- Seca { “8' 300 Tate trent §  *3,000, 000 

Landlocked salmon____________- 20, 349 i 2 ee 3, 886, 500 
Rainbow trout..2............_.. 1, 200 BrOOKs ROU eee oe eee 625, 000 

*130, 100 Pike and) pickerel2 2200727 0 484, 815 
Pinkcestrout_ 2 ~~ = - =o Ht 202. 787 Crappie sac. 2. Sees 2, 529, 930 

+100 Largemouth black basse: Gees 170, 945 
REOOR UWLOUD. joe aoe a { 366, 524 Suits ee oo ae. ee 11, 475, 595 

Smallmouth black bass__--______ 1, 100 Pike perch -__-------------_____. 6, 380, 000 
Virginia: SWellows perches -=Bet 55282 sees 351, 879 

Catfish ____ : 11, 925 Wihitevbass--_ i 2° ihe ac oe 7, 002 
Carp [he Leis Sanoiiinnd "80 Fresh-water drum_-___-__________ 1, 335 

end ae Ae ye ss rite 7, 133, 500 | ,,, Miscellaneous fishes__-___-_____- 5, 418, 232 
Rainbow trout_.._.__.__-_______ 146, 050 || Wyoming: , 
ee ae 158, 600 || |” Steelhead selon. 72-72-22. | s78.000 

1125 0) 0) | ers eee 225 || ae pe ee d 
Largemouth black bass 48, 485 | Rainbows troutt-2. 0 { -*309, 000 
Smallmouth black bass 27,000 | 4, Dal, 169 
Rock bass....-----..... 12, 950 Black-spotted trout ......_____- {Tee ae 

Vetit) a ee 2 ; 
Yellow perch 64, 568. 750 | Lock Leven trout -__-__-____ ss | f 6, 000 

P 2 f Wako rGut-= + teen foe ee eee *150, 000 Washington: i U, 
Chinook salmon._-_- { 80, 000 IBEOOKSTTOM LE eee oe era. ae 25Q, 945 
Ghk nas! S25 NAT EEA = a aH vere opt bigck basse) "220" 7, 400 

HAY SAMO = 2). oon ao nea (eer iis|a| eee, Spee eee wee 75 2D 
Humpback salmon____.__.-__--- 2, 066, 035 || Wellowsperchin trie eaten aoe * 450 | F 

FOREIGN COUNTRIES. 

Country and species. Number. Country and species. Numiber.- 

Argentina: Germany: ’ 
Steelhead salmon .—-= 2-5. = 2 25, 000 Fal DOWALLOMG = ete ane ee 68, O08 

Canada: Netherlands: ; 
Black-spotted trout_...__..__-- oes 317, 000 Chinook salmon__.__-_--.-_-------| 200, 000 
Steelhead salmon-__..-.__-..-___._. 400, 000 Rainbow/ trout et Fes 50, 000 “ , F) 
WhiteGah -.. ese Oo ee 44, 000, 000 eee ee 

Czechoslovakia: BGS fe5 RE ee 2 Ee pean, sl trae Sa | 45, 160, 0UO 
Rainbow trout=- 2: 2-244. cseee 100, 000 | "i 

f 

ASSIGNMENTS OF FISH AND FISH EGGS TO STATE AND eS 
FISH COMMISSIONS. 

The following table gives the numbers and species of fish and fish 
eggs delivered “to State and Territorial fish commissions as | ap- 
plicants: a 

88453—24——_7 + te 
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Assignments of fish and fish egas to State and Territorial fish commissions, 
fiscal year 1928. 

[Asterisk (*) denotes eggs; dagger (+) fry; all others are fingerlings.] 

1 

State and species. Number. State and species. Number. 

Alaska: | New Jersey: : | 
Brockdrouts <3 = Se. *50, 000 || Hainbow trout...- 02 So *100, 000 
SERke UP SalnGn. = 8 foe REE Re *5, 098, 936 SuanGSN oe 3 hess» Oty 4s he Rg | 

California: New Mexico: | 
Black-spotted trout ____________-- *100, 000 Black-spotted trout_____________ *50, 000 
Sebe trot - 38 n *100, 000 DB ee a a te } 62, 000 

Coloredo: Lake trout *50, 000 Brook. trout ss ~ (52 eee ee *300, 000 
Connecticut: Lake trout _______----_- *30, 000 |) Rainbow trout_2 23 Pas ee *69, 500 
Hawaii: New York: 

Black-spotted trout -__-_-_-_-_-------- *30, 000 Take trouties 2 20s "anti aa *1, 250, 000 
Rainbow trout___...---- *25, 000 Whitefish 55 4 — +. ae | *31, 885, 000 

Idaho: North Dakota 
Black-spotted trout______________ *125, 000 || °<"! a3fteck assinn 70 Seat 6 400 
LET ak ae 1 ee eS Eee eee 900 |) Bultalofishe= 5.425) 1,110 
alisha eee es ee ee | 1, 500 || Catish= =) 26 ass eee 9, 600 
Bai orang shes 82 vee) 4, 500 |, Grapple. 2° eee 5, 550 
PUES Se ts ne ere *1, 000, 000 || Suritishe -} Vee eee ee eee eee 1, 330 

Iowa ellow perch s=2e ee 1, 100 
CERT TS a Se Bate ee es #76, 000.(| Glue* Pike perch:= =. 5s >= sia oe *37, 275, 000 
Hainhow touts: 35.2227 = 4 *153, 600 || Oklahoma: Rainbow trout__________ 119, 151 

Louisiana: || Oregon: 
JUG Se ee Oe 24 || Black-spotted trout _____________ *50, 000 
Resastsp nisin 25057. Ansan det a ET 71, 200, 000 | Chinook salmon-__-____-----_----- *4, 000, 000 
Rirenpie eee 2° on 250 |} sockeye salmonc 220 sss) ee *5, 045, 000 
9 RIS PE) ha 1,700 || Steelhead salmon__________--____ *370, 000 

Mame: dake toute: sae S78 *50,000 || Pennsylvania: 
Maryland: | Rambow Lrout=2-2220> ree *681, 000 

rook trout? 2.223 222s 8 es 2 ASS 750 Withitefishe) == 9° s seat Saree *28, 000, 000 
@hinook: salmon) 7 4 es *15,000 || Utah: 

a oe ee 74, 000 || Gatfish foie abd se 28, 400 
Pepin sees Sees 2 a See 100 |) Dake trout. 222225. 2453 fests *150, 000 
Humpback salmon___-_-_-------_-- 73, 350 || Vermont: 
Rajnhow.trout________-__________ 400 |, Tiga roti Seto ee es ee *130, 000 

NS oo een ee See *114, 000 |) Landlocked salmon -_-____________ *20, 349 
risers 44 350) = i Pee 2 *192, 000 |) Steelhead salmon__________.____- 8, 000 

een: | Washington: 
At Be EAR Sn ee *10, 000, 000 | Sockeye salmon_-_______________- *534, 464 

Fake AP | A a A Ra et ly ta 7636, 000 Steelhead salmon________________ *95, 000 
Minnesota: | O22 Se ee Se 50, 000 

“PERE CS se a ae its 600 || West Virginia: 
ot a RS eee es 12, 700 | es ha Ser eee CERI IESE 8 352, 000 
(Cn A eee Se ee 17, 900 ein howserouG. =o Feet 500, 000 
2 TUS Fria SE ERR es SER eet *200, 000 || Wisconsin: 
Soperenistpe eo SS SSS treo ee Se > Se-v 7, 520 Bilseksipass-: = 5 ee eee 8, 350 
Wellnw werch =o. hrs te Ses 100 Gatticn to = ki 2s ee eet 16, 150 

Missouri: / Grane: Pee... eee 7, 800 
anibow, 10k ee Pe Se *50, 000 Taker trols ht ee *3, 000, 000 
eallow porn ene *3, 680, 000 PRE cat epg tp ead 71, 760, 000 

Montana: Wyoming: 
Black-spotted trout______________ *1, 599, 000 | Black-spotted trout -_---______-_- *550, 000 
CP rt ge ee eres *50, 000 pp oe eee ae ee 7300, 000 
Steelhead salmon________________- *100, 000 CaN Anh | ees EL hae Pas Fs *150, 000 
| ELSES) ES i eS ae ees ie *1, 000, 000 Rapihow trout. o_o 2 isos ee *309, 000 

New Hampshire: ——$$—$<$—_—_—_—— 
Chinook salmon_-___-.._-_...--__- *120, 000 ry Ar Us wR es Tee a Oe *138, 112, 198 
Sinks fronts sn ee ee *50, 000 73, 903, 350 
Landlocked salmon-_-__-______-_- *20, 349 1, 219, 973 

METHODS OF DISTRIBUTION. 

Each species of fish spawns at a certain time during the year and 
the resultant fry and fingerling fish are distributed as soon there- 
after as practicable. The product of each season is distributed 
as the fish attain proper size for shipment, and only brood stock 
is carried over from year to year. 

Applications for fish are filled in the order of their receipt, and 
the number that can be supplied for a particular body of water 
depends on the supply of the species desired and the size of the fish 
at the time of shipment. Owing to the greater value of fingerling 
fish for stocking purposes it is unnecessary to furnish them in as large 
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numbers as fry. It is the policy in all cases to furnish a sufficient 
number of small fish to form a brood stock. The bureau refuses 
requests for black bass and allied predacious species for introduc- 
tion into waters in California, Oregon, Idaho, Washington, Nevada, 
and western Wyoming, as their presence in such waters might prove 
harmful to the trout and salmon fisheries of that region. 

Fish are delivered to the applicant’s railroad station without ex- 
pense to him. Formal applications to be properly executed should 
be indorsed by a United States Senator or Representative. Blanks 
on which application for fish may be made, together with full par- 
ticulars concerning the bureau’s method of distributing living fish, 
will be furnished upon request. ; 

DISTRIBUTION OF FISHES OF INTERIOR WATERS. 

CAR NO. 3. 

[E. R. WipMyrr, Captain. ] 

On July 24, 1922, a carload of warm-water fishes was received 
from the La Crosse (Wis.) station and delivered to applicants in 
South Dakota, Nebraska, Wyoming, and Montana. On completing 
this trip the car proceeded to Bozeman, Mont., and took up the 
distribution of trout from the bureau’s station at that place. After 
making 8 carload trips from Bozeman, the car was placed at the 
disposal of the Montana State Fish Commission for which it made 
8 carload shipments. After completing the State work the car 
again returned to Bozeman, making a carload shipment of trout to 
Omaha, Nebr., from which point it proceeded to Dubuque, Iowa. 
Owing to the fact that car No. 3 is of wooden construction, and 

that practically all main-line trains in Montana are of steel con- 
struction, the car was detached from trains frequently and left to 
lay over for from 12 to 18 hours at a time. However, all deliveries 
of fish were made in good condition, and from July 24 to October 
29, the date on which it returned to Dubuque, Iowa, the car had 
made 9 trips for the bureau and 8 for the Montana Fish Commis- 
sion, traveling 11,987 miles and delivering 2,981,650 fingerling fish. 

In handling the Montana State distribution in conjunction with 
the Bozeman distribution great saving in transportaton can be 
brought about by cooperation of the Bozeman and. State superin- 
tendents, and it is suggested that an advanced outline of their work 
for the season be furnished the captain in charge of the car. 

In connection with the Montana distribution the Oregon Short 
Line was the only road that furnished free transportation for the 
bureau’s car. The Chicago, Milwaukee & St. Paul Railway gave 
a 5-fare rate by special request only, all other roads charging 10 full 
fares. 

The car was used in the distribution of warm-water fishes from 
October 29 until the close of the season, when it was placed in the 
Milwaukee shops for winter repairs. 

The spring distribution of car No. 8 was begun on May 10, 1923, 
when a carload of trout was received from the La Crosse ( Wis.) 
station and delivered to Wisconsin and Minnesota applicants. The 
car then proceeded to Duluth, Minn., where the distribution of trout 
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and whitefish was taken up from the Duluth station, From May 
13 to June 20 the car and its messengers shipped from the Duluth 
station 2,625,000 whitefish fry, 11,495,000 lake-trout fry, 7,630,000 
pike-perch fry, 90,000 steelhead-trout fry, and 135,000 brook-trout 
fry, a total of 21,975,000 fish. On June,21 the car left Duluth for 
Manchester, Iowa, from which station a carload of fingerling trout 
was obtained for delivery to Minnesota and Wisconsin applicants, 
the car returning to La Crosse. 

While engaged in the Duluth distribution the Fearnow pails were 
given a thorough trial and found to be far superior to the 10-gallon 
round-shouldered cans for transporting fish, and the car’s equipment 
is being changed to carry a complete set of pails. 

During the fiscal year ended June 30, 1923, car No. 3 traveled 
14,815 miles and delivered 24,956,650 fish. 

CAR NO. 4. 

[FRED W. A. ENGELHARDT, in charge.] 

On July 18, 1922, the initial trip of the season was made from 
Dubuque, Iowa, to Marquette, Iowa, where the car received con- 
signments of river fishes for distribution en route to Malta, Colo. A 
part of the load was delivered at Burnham, Colo., but the bulk of 
it was distributed to applicants at Denver. The car then proceeded 
to Malta, from which point shipments of trout were to be made, 
arriving there July 25. Owing to the fact that the black-spotted 
trouts were not sufficiently developed, the distribution of that species 
was delayed until August 14. In the meantime the crew was en- 
gaged in making messenger shipments of brook and rainbow trouts 
to various points in Colorado. 

During August, 1922, car trips with brook and black-spotted trouts 
were made from Malta, Colo., to Trinidad, Colo., and to Albuquerque, 
N. Mex. In the latter part of the month a washout in the road 
between Florence and Pueblo, Colo., caused a delay of 24 hours 
in the car schedule. In September a car trip with brook and black- 
spotted trouts was made from Malta to Las Vegas, N. Mex. While 
en route, the Colorado Fuel & Iron Co., at Trinidad, Colo., was 
supplied with an “ owner’s share ” of brook and black-spotted trouts. 
Messenger trips with trouts to various points in Colorado were also 
made during the month. 

While en route from Malta to Dubuque, Iowa, the car was de- 
tached from an all-steel train. This happens occasionally and some- 
times causes a delay of 24 hours or more. During October car trips 
with river fishes were made from Marquette, Iowa, to Kansas City, 
Mo., and Williamsport, Pa. 

The car then returned to Washington, D. C., to remain during the 
winter. During part of the time, however, it was at the Wilmington 
(Del.) shops undergoing repairs. In June, 1923, the car proceeded 
from Washington to Northville, Mich., in order to take up the dis- 
tribution from that point. While at Northville the car crew made 
‘messenger shipments to various points in Michigan, and also assisted 
the station crew in collecting fish, raking moss, and cleaning ponds. 
Car trips with smallmouth black bass and trout were made from 

\ 
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Northville to Detroit and to Auburn, N. Y., messenger shipments 
being made en route. 

After finishing the Northville distribution the car was prepared 
to make a trip to La Crosse, Wis., in order to take up the distribu- 
tion of river. fishes during the fiscal year 1924. The car was furnished 
with 140 Fearnow aluminum pails with which to carry on future 
distributions. 

During the fiscal year 1923 it was impossible to secure any free 
transportation. In July, 1922, the Burlington Route agreed to 
handle the car from Omaha, Nebr., to Denver, Colo., for five full 
fares. The Denver & Rio Grande Western Railroad refused free 
transportation, but agreed to handle the narrow-gauge baggage cars 
that are used to distribute carload lots between Alamosa, Colo., and 
Durango, Colo., for five full fares. 

During the fiscal year 1923 car No. 4 traveled 9,362 miles and 
distributed 46,355 river fishes and 1,080,500 trout. 

CAR NO. 7. 

[E. M. Lamon, Captain.] 

On July 20, 1922, the distribution from the La Crosse ( Wis.) 
station was taken up. Approximately 45,000 fingerling pond fishes 
were distributed in Wisconsin, Minnesota, North Dakota, and South 
Dakota, by messenger shipments from La Crosse. From July 20 to 
October 27, 128,825 fingerling pond fishes were distributed to ap- 
plicants in Wisconsin, Michigan, North Dakota, South Dakota, Mis- 
souri, Illinois, Ohio, Indiana, West Virginia, Maryland, and New 
York. The car left La Crosse on October 25 on its last trip for the 
season with a carload of miscellaneous fishes for applicants in the 
vicinity of Washington, D. C., the shipment including a number of 
specimens for central station. The car arrived in Washington on 
October 27, and after the distribution work was completed it was 
placed in the United States Navy Yard for general repairs, and the 
messengers were detailed to stations for the winter to assist in fish- 
cultural work. 

On March 2, 1923, the car left Washington to take up the trout 
distribution from the Erwin (Tenn.) station. Between March 2 
and April 15, when the Erwin work was completed, 245,000 fingerling 
brook trout and 465,700 fingerling rainbow trout were distributed in 
Tennessee, North Carolina, South Carolina, and Georgia. From 
Erwin the car proceeded to Wytheville, Va., making a trip from the 
Wytheville station to Pennsylvania with 52,200 fingerling brook 
trout and 16,000 fingerling rainbow trout, returning to White Sul- 
phur Springs, W. Va., and taking up the trout distribution from 
that station. Between May 1 and June 15, 249,850 fingerling brook 
trout and 156,100 fingerling rainbow tryout were distributed from 
the White Sulphur Springs station in West Virginia, Maryland, 
Pennsylvania, and New York. 

The work at the White Sulphur Springs station could be greatly 
improved if cooperation could be effected with the Chesapeake & 
Ohio Railway Co. and the bureau’s cars given the same service by 
it that they receive from other leading railroads of the country. 
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The Fearnow transportation pails have been very successfully 
used during the year and the car is now fully equipped with them. 
A trip was made from Manchester, Iowa, to Madison, Wis., just 
before the close of the fiscal year, and 200 of these pails were very 
successfully transported on one trip. It is found that by using 
these pails instead of the standard 10-gallon cans the carrying 
capacity of the car can be increased over 50 per cent, with no in- 

. crease In weight. 
During the fiscal year 173,825 fingerling pond fishes, 614,200 

fingerling brook trout, and 1,267,400 fingerling rainbow trout were 
distributed by the car in 23 trips, 18,685 miles being traveled. 

CAR NO. 8. 

[E. Kk. BuRNHAM, Captain. ] 

At the beginning of the fiscal year fisheries car No. 8 was en- 
gaged in the distribution of brook and rainbow trouts from the 
Duluth (Minn.) hatchery; the season closed with the completion 
of the salmon and trout distribution from the Craig Brook (Me.) 
hatchery. 

While the car was undergoing general repairs at the Washington 
Navy Yard during the winter its interior was sufficiently re- 
arranged to permit of the installation of a small dining. room 
capable of accommodating four persons at the table. The dining 
room has eliminated the annoyances attendant upon the former 
practice of setting up a table for each meal at the center of the car, 
thus blocking the aisle. 
By the adaptation of the fish compartment on one side of the car 

for carrying 100 aluminum fish pails, the capacity of the car has 
been increased from 140 cans to 170 cans of fish. At the close of 
the fiscal year the fish compartment on the other side of the car 
was changed by the car crew to make the total capacity of the car 
216 aluminum fish pails. Nearly all minor repairs and many of 
the changes and improvements in the car are made by the regular 
car crew while distribution work is not in progress. 

The most important improvement made to the car during the 
year was the installation of an electrically driven air pump. This 
pump furnishes 5 cubic feet of free air per minute and is operated 
by a one-half horsepower electric motor, the electricity being ob- 
tained from the storage batteries of the car’s electric lighting 
system. An important saving is effected by using this electricity 
for pumping air for the fish, as during the last fiscal year the car 

used approximately 8 tons of anthracite coal to generate steam for 
pumping air. Be. 

During the fiscal year 1923 the car was engaged in the distribu- 

tion of fish from nine of the Federal hatcheries. Fourteen species 

of food fishes were distributed to suitable waters in 19 States, the 

farthest west being Utah. During the vear the car handled over 

1,500,000 fingerling and yearling fish. During the course of the 

year the car traveled on 19 different railroads, the total miles 

traveled being 18,823. Nineteen and one-half tons of ice were used 

during the year for maintaining a suitable water temperature for 

the fish. 
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CAR NO. g. 

[A. H. Kerra, Captain. ] 

Car No. 9 made 17 trips during the fiscal year 1923, covering a 
total distance of 18,275 miles, and supplying 1,076 applicants in the 
Middle Western, Southwestern, Eastern, and Southeastern States. 
Fhe numbers and species of fish delivered during the year are as 
ollows: 

Catfish : Number. 

PAYA TT a a! Se ee. ee 33, 100 
AYES LUT OS) 8 i a Oe By eee RE I EN eh ode 1, 200 

Biietlonsh imeertinese ets ns Tye ee Ls 150 
Carp tireertings. Uae le pak eee 2: See eae 230 
Rainbows trout; fingerlingsio- ssa wek a 84, 000 
IB2OOk thOUuL, whiners kee Ue) ee ea EE 528, 600 
Hikevandepiexerel! auultsb 2s ey eM ee 160 
Crappie: 

Binv erm sete ULE ties ree a a A NS 625 
DEST eens: Puen! ed ee oe a EN ale ahs!) 
PASC GS oe os Pe ee By Besa aie SD 54 

Largemouth black bass: 
LiMrikeh bere eee BL ec Be SRE ire Gee Samar | cares 52, 195 
PN GIUTLG S52 RRC Ae AeA 160 

Smallmouth black bass, fingerlings_2__________________ 8, 775 
Wacrmouthpbass tin sem limos ss 2B he 80 
Sunfish : 

Dah a Feral i west ak eae) OC =, ek dl Ee ne ees CS 9, 780 
ZEST Ik Keg | eee ee a0, Eg tll) ee See eae ei ae 5, 240 

leall(es Foy nG Tah ip ee ee eee eS a ee e200. 006 
Mellowepeleh? |incenlino get 82! Po ks eS a 3, 250 
Crappie and bream, yearlings (carload shipment)______ 9, 000 
Miscellaneous, assorted sizes, specimens______________ 740 

ECGS 0S ee ee ee a ee EE 2, 838, 484 

No extensive repairs have been made to car No. 9 during the past 
year: neither has it been equipped with the Fearnow aluminum 
transportation pails (for description see U. S. Bureau of Fisheries 
Doc. 941, pp. 90-98), but a number of these pails are to be forwarded 
in the near future. 

A new style aerator for use by messengers when carrying fish on 
detached shipments has been furnished by the Washington office (see 
description, p. 102) and has proven very satisfactory. 
An aerating device of the jetting design has also given quite satis- 

factory results. 
The total number of miles traveled by the car during the fiscal 

year was 18,275. 

NEW EQUIPMENT FOR USE IN SHIPPING LIVE FISH. 

ELECTRIC AIR COMPRESSOR. 

During the spring of 1923 there was installed on fisheries car No. 
S an air compressor operated by a one-half horsepower electrically 
driven motor, connected with the storage batteries used for lighting 
the car. The entire outfit is only 28 inches long, 18 inches wide, and 
2 feet in height, and is placed on a shelf in the boiler room. This 
device has been used successfully on a number of occasions for fur- 
nishing compressed air for aeration of the water in the fish contain- 
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ers, and obviates the necessity of using the steam boiler for this 

purpose during the summer months, thereby effecting a considerable 

saving in the amount of coal used. The device has been used to 

L0in. 

Hei ght of Hendle 

ai Ae Holes 

Diameter 

i'1G. 1.—Improved device for aerating water in fish cans and removing sediment therefrom. 

The handle may be disconnected and the entire outfit carried in a small suitcase. 

aerate 140 cans of fish for 14 hours without producing any apparent 

deterioration in the batteries, which have a capacity of 375 ampere 

hours. 
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“QUESTION MARK” AERATOR. 

Within the last year the dipper that 
was used for aerating water has been 
largely replaced by the “ question mark ” 
aerator—so named on account of the 
bend in its handle—which is made of 
one-fourth inch pipe and serves as an 
air vent and means for suspending the 
aerator in a fish can when not in use. 
The cylinder of the aerator is made of 
galvanized rain spouting and is 44 
inches in diameter by 6 inches in length. 
The bottom contains 21 circular open- 
ings, which are screened to prevent fish 
from entering the cylinder. The handle 
may be unscrewed and the device car- 
ried in a small hand bag. 
The device provides quick and efficient 

aeration, does not injure the fish, can be 
used to remove sediment or to lower 
the water in a container, and has a num- 
ber of other advantages over the ordi- 
nary dipper. This aerator has met with 
general approval, as it seems to answer 
the bureau’s needs better than any de- 
vice that has been used heretofore. 

JET AERATOR. 

During the spring and summer of 
1923 a new aerating device that circu- 
lates the water in the container and op- 
erates by air was used on the distribu- 
tion cars to a limited extent and with 
very satisfactory results. This aerator 
was clevised for the purpose of aerating 
the water and removing the carbon d1- 
oxide gas given off by the fish. 

The device consists of a tube placed 
on the inside of a larger tube, care being 
taken to allow room enough to permit 
the water to be forced up in the space 
between the two tubes. Experiments 
with this device are still being carried 
on, and while its practicability is not 
generally perceived at the present time 
it is believed that it will be more fully 
appreciated when further improve- 
ments have been made in other trans- 
portation equipment. 

10 inches 

° 
° 
<= 
v 

= 
m 

Fic. 2.—Device for circulating and 
aerating water in fish cans by 
means of compressed air. 
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AQUARIUM CLEANER. 

The principle of the jet aerator may be successfully applied to a 
device for cleaning aquaria, as shown in Figure 3. It is necessary 
to use only a small amount of air in order to force waste material 
from the bottom of the aquarium to a receptacle on the outside. 
In fact, the air may be regulated so as to remove sand and gravel 
from the bottom of the aquarium. It is obvious that the lower end 
or intake should be provided with means for preventing the en- 
trance of pebbles too large to pass through the outlet. 

ric. 3.—Aquarium cleaner operated by air pressure in the same manner as Figure 2. 

COST OF DISTRIBUTION. 

During the fiscal year 1923 the bureau honored 10,939 applica- 
tions for fish, as compared with 10,376 in 1922. The following 
table gives comparative figures showing the cost of distribution 
for the fiscal years 1922 and 1923: 

Number miles 
traveled. Number | 

A Cost of 
Fiscal year. airs es | distribu- 

Gars Messen- | honored. tion. 
‘ aigexs gers. 

7 aN ee ee ae es EEE SeUEE. oye MCE MIS | Resi) Etna yf 1 77, 128 306, 215 10, 376 | $62, 428. 96 
LO DR ee Sak eee UE oo ee RR ee 80, 118 345, 387 10, 939 | 58, 751. 71 

During the past 20 years the output of the bureau’s hatcheries has 
increased nearly 500 per cent, while the cost per thousand for trans- 
porting fish has been reduced 50 per cent during this period. In 
order to bring about this important reduction in distribution cost at 
a time when the cost of transportation, material, and supplies was 
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unusually expensive, it has been necessary to adopt the most improved 
methods of carrying living fish and at the same time exercise the 
most rigid economy. 

The following table shows the magnitude of the bureau’s distribu- 
tion problem and the gradual reduction of distribution expenses that. 
has been made during the past 20 years: 

Comparison of the number of miles traveled by the bureaw’s cars and messengers 
and the cost of distribution from 1903 to 1923, inclusive, exclusive of salaries 
of statutory employees. 

Miles traveled. 

Total cost 
Year, Total output Cars Messengers. ' of distribu- of fish. ti on. 

Paid. Free Total. Paid. Free. Total. 

1963 2. bee 1, 226, 057, 475 52,852 | 26,526 79, 378 | 174,535 | 85,492 | 260, 027 $33, 437. 55 
19004... 28 1, 267, 343, 025 55, 028 15, 193 70, 221 | 150, 019 98, 957 | 248, 976 27, 923. 46 
1905... 444 1, 759, 475, 039 68, 532 14, 262 82, 794 | 184, 249 | 113,701 | 297, 950 35, 405. 74 
1906 _ __-__ 1, 931, 834, 609 82, 308 11, 060 93, 368 | 216, 664 | 108, 757 | 325, 421 36, 999. 39 
L907. .> 2a 2, 511, 597, 377 72, 014 11, 826 83, 840 | 182,380 | 80,816 | 263, 196 38, 520. 30 
1908 _ 222 2, 871, 456, 280 68, 495 8, 581 77, 076 | 299, 957 64,913 | 364, 870 39, 008. 45 
1909______] 3, 107, 131,911 | 103, 476 5, 403 | 108, 879 | 309, 509 | 100,085 | 409, 594 51, 825. 72 
1910. _. £3) .8, 283;\012, 237 93, 413 2, 850 96, 263 | 332, 410 97, 943 | 430, 353 50, 155. 63 
1911______]| 3, 646, 294, 535 92, 993 7,911 | 100, 904 | 336, 977 84, 281 | 421, 258 56, 543. 17 
iL) Pee 3, 687, 921, 057 78, 957 13, 913 92, 870 | 359, 611 90, 661 | 450, 272 49, 308. 75 
TE eee 3, 863, 593, 282 | 110,823 12, 294 | 123,117 | 392, 698 85, 837 | 478, 535 64, 148. 01 
1914______| 4, 047, 643, 417 | 128, 156 3, 000 | 131, 156 | 387, 072 93, 463 | 480, 535 69, 255, 44 
1915___.__| 4, 288, 757, 804 | 125, 553 20,991 | 146, 544 | 395, 298 95, 874 | 491, 172 79, 922. 31 
1916______| 4, 847, 262, 566 | 133,825 | 15,956 | 149,781 | 521, 158 | 124,563 | 645,721 | 77, 984.91 
1 Un een te 5, 158, 963, 293 | 122,778 15,939 | 138,717 | 474, 141 80, 456 | 554, 597 81, 383. 93 
1918______| 4, 098, 105, 159 92, 306 10, 024 | 102,330 | 413, 666 54, 578 | 468, 244 73, 559. 05 
1919______| 5, 876, 985, 350 93, 891 3, 680 97, 571 | 421, 202 7, 740 | 428, 942 74, 599. 43 
1920______| 4, 770, 355, 720 92.419 |i === 92,419 | 382, 891 10, 042 | 392, 933 73, 586. 40 
WUaLeoe 4, 962, 489, 405 84, 188 872 85, 060 | 353, 898 32,095 | 385, 988 72, 176. 57 
AOE bes 5, 125, 101, 320 75, 032 2, 096 77, 128 | 285, 807 20, 408 | 306, 215 62, 428. 96 
1923______| 4, 314, 859, 029 78, 595 1, 525 80, 118 | 307, 983 37, 404 | 345, 387 158, 751. 71 

Cost of 
distri- 
bution 
per 
1,000 
fish. 

$0. 027 
. 022 
. 020 
- 013 
- 015 
- 013 
- 016 
- 015 
- 015 
. 013 
- 016 
017 
. 018 
- 016 
- 015 
- 017 
- 012 
015 
- 014 
. 012 
. 013 

1 $4,000 of this amount was spent for new equipment. 

Method of distribution, by stations, species, number and size of fish, and costs. 

DISTRIBUTION BY CAR MESSENGERS.! 

Number of \ seca eds Mil ] Fi umber o qs. i eost per iles | Miles 
Species. fish. Baae: Total thou- | paid. | free. 

cost sand. 

Bozeman, Mont__| Trout__-__-- 235900) |) Wirny 25 Dee) te tee $13.07 | $0. 547 G1 | Berens 
Sa eer Gores” 70,750 | Fingerlings, l-inch ---__| 48.77 . 689 128d 
aes Gar As" 216, 150 | Fingerlings, 1 to 4 inch 241. 45 112) | 3,923) 1, 471 

Craig Brook, Me-| Salmon__---_- 682;-600..|) Bryce US | 104, 55 SB il i Ly Ze |e eae 
feeece Gor 24. 40,000 | Fingerlings, 2-inch --_- 81. 27 2. 317 919 56 
Pond fishes_ OG. | Aldi h eee Sepa eeu 54.19 | 564. 468 690 92 
routes 83,{D00* |) Ries atone sO Te 2 | 13. 70 . 165 112 32 
gates dows: 469, 000 | Fingerlings, 1-inch---_- 101. 97 AALS! |! 21070) ae ee 
Brant Ca (0 sh 110, 200 | Fingerlings, 14-inch - - _| 41. 20 . 374 Bias || oe 

Duluth, Minn---}__--- Ges 23,000 | Fingerlings, 1-inch ---__| 23. 12 1. 005 414 |_____. 
Erwin, Tenn-_-____ Pond fishes_ 569) 500) Bryer 8 OU ee | 92. 26 . 670 (gti Pe ok Be 

Trootes 4 190, 150 | Fingerlings, 1 to 2 inch) 137. 45 BPA} 15{604. [22 Saas 
Leadville, Colo___|____- doe 462,000 | Fingerlings, 1-inch--__) 365. 93 SADE USL eae E eee 

CP v6 0 jap 275, 500 | Fingerlings, if-inch- --| 140. 08 “B07; WiGLS || Mo es 
‘ae Gow se" 36,000 | Fingerlings, 24-inch - _-| 78. 08 2. 169 907) 5 eee 

Manchester, Iowa) __-__- tC La 72, 200 Hingeine 1 to 13 56. 53 FBS ISHGOG Neues 
inch. 

5 ee °c (0 a 54,800 | Fingerlings, 14-inch - --| 68. 31 1. 064 668) 4e= 
lees dd.22= 25} 184, 600 | Fingerlings, 24-inch - - -| 166. 67 S903) | 2 RL OTe epee 

Northville, Mich | Pond fishes 6,000 | Fingerlings, 1-inch--_-_| O1;03 |) LOst7L |, 13877 Awe 
le aus dol... 7,200 | Fingerlings, 2-inch -- __| TOP 00) |) 14-1 By, | Sle peos |e 
es ofa: Ss 1,575 | Fingerlings, 2 to 3 inch! 30.21 | 19.117 540 |___.- 

1 Detached messenger shipments from cars. Cost in addition to ‘‘distribution by car.”’ 
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Method of distribution, by stations, species, nwmber and size of fish, and costs— 
Continued. 

DISTRIBUTION BY CAR MESSENGERS—Continued. 

Number of Total ates Mil Mil : umber 0: . ota cost per iles es 
Species. fish. Size. cost. thou- | paid. | free. 

sand. 

Upper Méissis- | Pond fishes - 16,300 | Fingerlings, 1-inch ---- $56.80") ($3. 428) 0° LO1GR eee 
SIP) ica © yee dost we 3,944 | Fingerlings, 2-inch ---- 49.32 | 12. 505 560A O22 

cue doers 25,520 | Fingerlings, 2 to 3 inch 242. 31 9.137 | 2,781 176 
EME dos ae! 46,795 | Fingerlings, 3-inch ---- 362, 21 1640) | WETS Soa 
poe co (oie eee 2, 200 eee aise woe 34.26 | 15.573 

= ingerlings, 1-inch -_-_- Maat! do.......| 103, 053 ct 831.55 | 8.070 
ingerlings, 1l-inch---- iy dows sul ipa RSD NRae ee a Te 1,004.77 | 11.871 

Seseeibe Goss ae: 496 | Yearlings.—..._*222s_ = 21,45 | 435271 
Troutz=-2-<= 111,000 | Fingerlings, 1-inch- --- 59. 27 . 5384 

DET 1.) DRAM hi ergata (eee 9 dors 28, 800 Hpeertings, 14-inch _ -- 23. 21 - 806 
White Sulphur |____- dome 4 54; OOO AE A dogo de 1 OP.” 45. 93 . 851 

Springs, W. Va. |____- Gone sae 31, 125 Fingering, 13 to 24 62. 81 2.018 
ine 

Ui (6 0)! esa Oo 231, 200 | Fingerlings, 2-inch---_ 381. 49 W217 
hee a) dou_she t 750 | Fingerlings, 3-inch ---- 35.56 | 47.413 
fends Gog Te 48h: Adultses te <e Se Ny 27. 64 | 642.791 

Wytheville, Va___|____- dot fakes 10,000 | Fingerlings, 1-inch---_ 10. 62 1. 062 
SUS Co 5 Pets A 51,750 | Fingerlings, 14-inch -- - 48. 54 - 938 
ees dor fos: | 17, 500 eee 1} to 23 25. 42 1. 452 

ine 
vps Gor: 3 84,100 | Fingerlings, 2-inch---- 104. 32 1. 240 

i] 

DISTRIBUTION BY STATION MESSENGERS. 

Bozeman, Mont__| Trout._____- 100,000); Bry sc28ose 2-2 nee $31.95 | $0. 320 504? |S Sas 
2 LOU. sip i 133, 000 | Fingerlings, 1-inch ---- 63. 09 474 | 1,148 |____-- 

oe don son! 99, 950 | Fingerlings, 1 to 2 inch 72. 16 + t22 i 1,179 271 
Cape Vincent, | Lake herring] 3,000,000 | Fry-_-_--..------------ 19. 46 EGOG yee OU aes 
N.Y Pike perch-- 600, 000 |_____ CORA yk Pupil Te 26. 65 . 045 204 914 

Whitefish .__} 10, 1 OOO: ee Coo} aS me 43, 71 O0Tupsca Ne aes 
Trouty: Lue jp 593, OOOn|s ce doseage Gah) 165. 68 .284] 1,172 | 4,153 

Central Station___| Pond fishes_| 2 000) COO) ees CG Ko eS Sas al nected) AI 23.15 . 012 420\\| Poe 
peas dosanon 6,000 | Fingerlings, 14-inch- -- 24. 95 4. 159 OL ee 
ey do iis2 10,000 | Fingerlings, 2-inch ---- 50. 97 5. 097 (eS ee 
Troutseee oe Bon WAGULES ees ee eee ya 26. 79 | 811. 818 490) (12 oar 

‘Clackamas, Oreg_| Salmon-_-_-__ 6,000 | Fingerlings, 1-inch____ 55. 53 9, 250 Geese 
Trougees 218, 500 | Fry fingerlings, 23- 43, 24 . 198 Sesh 2 Mt 

inch. 
iaBee dol ee 122, 000 | Fingerlings, 1-inch ---- 127, 58 1510467)" 25207 pee ae 
EP U dossnue. 102,000 | Fingerlings, 14-ineh___ 101. 17 |: 991 GLA ae ee 
rr dots 7,000 | Fingerlings, 24-inch - -- 14. 85 2. 120 Seidel rea 

~Craig Brook, Me -|____- Gore 40,000 | Fingerlings, 14-inch - - - 35. 34 . 893 (id) | Da 
Duluth, Minn22s2)Waitefish. 2! °2,'700;000 | Wfyso: ta ee ae 24. 80 009i |e ee ee 

Rondi fishes 4)\ | (5/715, 000") 28do_82 3 234 a ae ie 124, 64 . 022 1:84) |e beht es 
ee do.__--.-| 1,150,500 | Fry to fingerlings, 1}- 190. 75 SG DY | +25, SOON Cees 

ine 
ote ee 85890. 000) Rings be eee eee tune 1, 025. 33 Silat 406)" ee 
LER Gow ueas 840, 000 Fry io fingerlings, 1- Wide HOST lOtSa teers 

ine 
2 sh dovtte: 115, 000 | Fingerlings, 1-inch---- 134. 59 TU AIGA De ean ira BY eg 
Prqouy doth. fa. 56,000 | Fingerlings, 14-inch - -- 65. 85 ial? eye re) Way [ee SS 

Edenton, N. C_-.) Shad_i2_2+2- 200,,000),|. Firy 2 Sune rye et 10. 52 . 052 180 pe Bee 
Pond fishes. - 34, 625 Fry bo Aneerlings, 1}- 118. 96 Boose zed eae 

inc 
ps dove 9,600 | Fingerlings, 1-inch ---- 19. 91 2. 250 S2Se oes = 
Epa, Gotta te: 13, 450 | Fingerlings, 14-inch --- VRB AY 5, 406) 1 Vote 
ae owes. 3, 745 | Fingerlings, 14 to4 inch 38.98 | 10.410 696n Saas 

Erwin, Tenn-_-____ Salmon____- 600/ |; Adults ie ep au ee 39.18 | 65. 300 HOO We eer 
Proutaeseys | 39, 800 | Fingerlings, 1 to 2-inch. 17. 40 . 438 CGO) | 

pater dois. Set 23,500 | Fingerlings, 2-inch ---- 21.71 . 924 208) pee nm 
Bie ark Gove sue: 126,000 | Fingerlings, 24-inch -- - 76. 31 . 616 836) oran a3 
Jet ae doze ub. 7,500 | Fingerlings, 3 to 4 inch 71. 86 9, 580 805) [eee 
Pond fishes_ 43, 862 | Fingerlings, 1 to 4inch- 361. 47 S5240 1 oa 7eon eee 

apt, Gost aann 88)! Aidalts iu tare yeh Pas 28.75 | 326.705 TY 
Hartsville, Mass__|____- dou Euan B25: 000, |: rye Bete es eh 27. 29 . 084 Sty (ml aa ees 

Troutseh 261, 400 | Fingerlings, 1 inch___- 81. 48 MOS Weve GO| terrane 
1 ee) dove saa! 4,400 | Fingerlings, 14-inch~-- 15. 88 3. 600 202 178 

2 La Crosse, Wis.; Bellevue, lowa; Marquette, Iowa; and Homer, Minn. 
3 Distribution by. station messengers includes cost of ‘making distribution direct from the station without 

acar. This distribution is usually to near-by points. 
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Method of distribution, by stations, species, number and size of sh, and costs— 
Continued. 

DISTRIBUTION BY STATION MESSENGERS—Continued. 

Number of Total prion ak Mil Mil . umber 0: - ota cost per iles iles 
Species. fish. Size. cost. thou- | paid. | free. 

sand. 

Leadville, Colo___| Pond fishes_ 39, 250 | Fingerlings, 1-inch____ $29.27 | $0. 746 
TrOnGe tee 3157000), Krys 25 Pes SU ay 215. 29 . 574 

Se oe do...-_.-| 1,377,000 | Fingerlings, 1-inch-_-__ 630. 21 . 458 
oak our 2) 118, 500 | Fingerlings, 1 to 1; inch 94, 34 . 796 

Louisville, Ky_.__| Pond fishes - SOONG BO | Hiri s Rees AE  oin 67.17 PAM 
pees! do 63, 100 | Fingerlings, 13 to 2inch 203. 49 3. 224 
See do_- 1,800 | Fingerlings, 2 to 3 inch_ 19.34 | 10.850 
pitad = 2 don 3,400 | Fingerlings, 3-inch_____ 26.77 7. 930 
Pate e do 3,000 | Fingerlings, 4-inch_____ Oe hi 7. 250 

Mammoth Spring, |-____-_ Gosccere: 121,000 | Fingerlings, 1-inch_____ 282, 23 2. 332 
PGC RES pele Sole Gi eee 4,000 | Fingerlings, 1 to 24 inch 47.61 | 11.903 

Eke ING acd aa 14, 000 | Fingerlings, 1}-inch___- 127. 12 9. 080 

Manchester, Iowa|_---- dow: 2. - 4, 130 \yescnae wae \ 47.45 | 10.156 
pet ae Coreen: ASS Ara Seat ke eee 87. 66 | 365. 454 

Nashua, N. H--..|-_---- 5 Updos Sa BAOOR | Mirsye ee eek 2 Re ha 43.15 5. 137 
uate, domes 4,300 | Fingerlings, 14-inch____ 18. 31 4. 258 
saat dow 7,100 | Fingerlings, 2-inch_____ 26. 36 3.710 
‘DrOWben = 2, 500 Ly Sear weet ee a 4.01 1. 740 
ate (eee 120, 000 | Fingerlings, l-inch_____ 31. 10 . 242 
seeks (ufo) a 334, 960 | Fingerlings, 12-inch____ 351. 68 1.471 
o2C et: (V0 heel MER 17,700 | Fry ty fingerlings, 2 66. 24 3. 790 

inch. 
ea doss = 2 SONA UTS Me ena R ee 28 2 ee 46.36 | 79.930 

Neosho,"Mo_-_____ Pond fishes_| 15700; 000" |" Wry -o ee ye 17. 95 . 010 
eee dQ seee ee 3,600 | Fingerlings, 2-inch_____ 6. 60 1. 840 
tae agrees. 4,000 | Fingerlings, 3-inch_____ 41.97 | 10.493 
ate dgues = 17,774 | Fingerlings, 1 to 4inch_ 158. 39 8.911 
£04 doe sens ARGED? AGS aes ANN 2 225. 02 | 221. 364 
LrOuteee.2—= 43,100 | Fingerlings, 2-inch_____ 98. 47 2. 284 
eae: doe 23,400 | Fingerlings, 2'-inch____ 43. 14 1.416 
Ee doi! 13, 000 Hineerines, 1 to 42inch 42. 51 3. 270 

ingerlings, 2-inch_____ ie dou ‘si3_ 2,700 {Fete 2ineh.----)\ 9.30] 3. 460 
Northville, Mich.| Whitefish_._| 1,770,000 | Fry_2.---....._______- 40. 61 . 023 

Salmon_____-_ LOX O00! |=: aloe 2 ate 15. 83 1. 583 
Pond fishes 28° 000) kes IG Fa EE RIE LD 2 4.90 .179 

i el dca 5,650 | Fingerlings, 1-inch_____ 18. 31 3. 241 
ee aque. 4,200 | Fingerlings, 1 to 2inch_ 8. 75 2. 083 
tea Ss dosse=. 3), 5,300 | Fingerlings, 2-inch_____ 26. 50 5. 000 
eae Oso ae 1,205 | Fingerlings, 3 to 6inch_ 23.94 | 19.870 
ae eee Gs 2s BONCAOUNS ee oe ee 11. 56 | 144. 500 
‘Rrouts--2254 439 500) | WRT eres uae ie were 122. 45 . 283 
tee lossy 48, 500 | Fingerlings, 1-inch_____ 19. 37 . 399 
pasar dos 99, 000 | Fingerlings, 14-inch____ 57. 50 . 581 

Orangeburg, S. C_| Pond fishes - OS SUET Mes IeY area 1 wet ee 93.85 1. 007 
Bek GG. see 168, 850 | Fingerlings, 1-inch_____ 258. 33 1. 529 
be ele GOs Shue 18, 000 | Fingerlings, 1!-inch____ 32. 01 1.778 
ee! do se) 65, 120 | Fingerlings, 1 to 6inch_ 295. 07 4. 531 

St. Johnsbury, Vt.} Salmon_____ 11, 018 Py pas OM. eaeiees © 1.75 . 158 
|, Troutss- see. Tea Os te Co: sea er ee 184. 60 . 252 
ie dopa ss ay 6,500 | Fingerlings, 2-inch____- 49, 24 (Pay) 
Rome t GOs... 3422 9, 200 | Fingerlings, 23-inch____ 45. 84 4. 983 
ss dG.9- 544: 1,100 | Fingerlings, 3-inch_____ 12.87 | 11.700 | 

San Marcos, Tex.|} Pond fishes 33,900 | Fry hee fingerlings, 1 50. 91 1. 502 | 
| inch. | 
ee 22 (: (oer 3, 200 | Fingerlings, 1‘ -inch____ 37.23 | 11. 630 644 |.____- 
ete d0-2355= 2,250 | Fingerlings, 2-inch____- (4) peas Sele EL 
(re GOss- Se 7,442 | Fingerlings, 3-inch_____ 48. 47 6. 513 698 | 22 t= 
ee fs (0 225 | Fingerlings, 4-inch_____ (eS hahatetany| see A ls SSIs Dae eS a ear 
mie NY) dove 235 | Fingerlings, 5-inch_____ (4) Poet, AOC BT 
= dope 22s. 700 HIDEO ee tg 29.61 | 42.300 Seg dee 

ingerlings, l-inch_____ ma do.......| 225, 442 ani 1,088.43 | 4.775 | 16,871 |...__- 
pment dosh Dee al see Oi ea tees 2. 67 157 15) bee RE 

Saratoga, Wyo-..--| Trout_..____ 71,800 | Fingerlings, l-inch_____ 17. 34 120 327 61 
en do.5 36, 000 | Fingerlings, 1!-inch____ 22. 31 . 620 213 21 
sey! dons 14,100 | Fingerlings, 1" to 2inch 11. 21 610 | 212 20 
ea” dg = 40,000 | Fingerlings, 2-inch____- 32. 91 919 | 544 96 

Spearfish, S. Dak_|___-- dois a2 649, 500 | Fingerlings, 1!-inch___- 165. 68 25D jl) -1,824|oee- ee 
(eee Gos 136, 601 | Fingerlings, 1 to 3inch_ 65. 12 477 | 938) | pee 
hey aoe a 2,600 | Fingerlings, 2-inch____- OE ae ee se ale es eee ie 

Springville, Utah_|____- ao. fs ISS O00 Ss 22 (lio Mee. ee 121. 55 .901 | 1,395 | 2,629 
i aoe ea eee 54,750 | Fingerlings, 2'-inch___- 160. 59 2.903 | 2,268 | 1,929 
ee do: ase 10, 700 | “Fingerlings, 1} to 4inch 25. 28 2. 362 | 75 266 
aes dos 2 | 234,150 | Fingerlings, 3-inch____- 202. 07 .862 | 2,540 | 6, 205 
eet dos22 2} 27,000 ' Fingerlings, 4-inch____- 83. 44 3.090} 1,198! 470 

4 Station delivery. 
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Method of distribution, by stations, species, number and size of fish, and costs— 
Continued. 

DISTRIBUTION BY STATION MESSENGERS—Continued. 

Number of Total aut eee M ; Number 0 A ota cost per iles | Miles 
pupcier: fish. pal cost. | thou- | paid. | free. 

sand. 

Tupelo, Miss----- Pond fishes__ 307,500) | (Bry oo seed == eee ee $205.61 | $0.668 | 3, 867 36 
Sahat AGE te) 112, 200 | Fingerlings, 1-inch---- 280. 45 2.491 | 4,821 44 
BEES daw aes 15, 600 | Fingerlings, 2-inch___- 60. 16 3.856 | 1,101 26 

2g Aas do.....:| 176,841 \aguee 1-inch.. -- \ 1,084.78 | 6.134 | 18,472| 90 
ae dee #f- FAO Acualts Sep PRE See 33. 35 | 238. 210 4017/28 

Upper Mississip- |----- qs: Aes 2; 100;,000), }s Bryce ete ice Se st 36. 99 S017 (P7 eS) 
pi.? 23,805 | Fingerlings, 2to 3inch_ 232. 17 (By Copy Nas Tey fap Woe 

46,185 | Fingerlings, 2to 6inch_ 288. 76 6. 252 | 5, 648 |_.-.<. 
17,461 | Fingerlings, 3-inch -__- 145. 99 Scab pl zee keene 
1,980 | Fingerlings, 3 to 4inch_ 64. 99 32. 166 D143) ee ee 

18, 468 | Fingerlings, 1 to 6inch_ 86. 37 BOTT 28 ae 
263) | Adiiltse ose ee ed 5.08 | 19.316 Bouillet ha 

144,000 | Fingerlings, l-inch___- 50. 74 ~ 345 eyo | eee ee © 
33,600 | Fingerlings, 14-inch__- 13. 63 . 406 238 jeg 

White Sulphur 46; 500))|) Bryes he hue Sp oe 45. 30 . 975 GOAT eoteroee 
Springs, W. Va. 32,000 | Fingerlings, l-inch--___ 31. 47 . 980 D204 {eo ae 

SL DOOM ae Co Vo yaaae 7 ba BN ON ges 11. 81 . 375 Pray Me 
42,500 | Fingerlings, 14-inch--- 64. 01 1A506ni; 12056)| Saas 
47,330 | Fingerlings, 2-inch-___ 90. 15 W925 oy STO nee 
3,130 | Fingerlings, 2 to 3 inch_ 46.13 | 14.738 | 869 |_-___- 

450 Ae hi beemsum| aie ean eye: 
Woods Hole, | Pond fishes__| 475 \Adgia Pinch oa: - \ 47.29} 99.547| 391] 622 
Mass. Flatfish ____- | 31/949) O00 Hiry sect dA EEL | 36. 34 OOI"|:s 460) |2easee 

Wytheville, Va___| Pond fishes__ 15, 562 | Fingerlings, 1 to3inch_ 229624) > T4755 4-3) 7920 |e 
fae dove. ae: - 800 | Fingerlings, 2-inch- -__ 19.13 | 20.380 276 |=22=5— 
ae) oko eevee 8,725 | Fingerlings, 2to3 inch. LAI GD ye 4456 rei see 
routes oe 54,000 | Fingerlings, 1-inch_-__ 49. 46 . 916 | LOO) eee 
ee dos oe 28,000 | Fingerlings, 1 to 2inch_ 40. 57 1. 449 | 694) |Ea=ee = 
ee. (cE 4 9,000 | Fingerlings, 2-inch ____ 11.77 1. 307 | 222 )| aes 
eae dow <6] 64, 350 Bhageslings) 13) to 23 142.19 D209) Pl ASSSiiean tees 

inch. 
Warm Springs, | Pond fishes__| 1635800) | Riry= seo 2-2 Sa ee 254. 49 eb boil onl Go| een 
Ca Oe 2a ea ee doy} he 31,800 | Fingerlings, 1-inch _-___ 113. 68 3. 575 LD 5ova|2 ss 

Pe doeet 56, 600 | Fingerlings, 14-inch --- S07 Ol! 5/424 1) (57015) |-e seas | 
ee dow2. 3 73,425 | Fry to fingerlings, 4- 379. 34 5.165 | 6, 223) === 

inch. | 

DISTRIBUTION BY CARS. 

Bozeman, Mont--| Trout__..--- 974,150 | Fry ia fingerlings, 4- | $2,165.53 | $2.223 | 5, 264 722 
inch. 

Bucksport, Me-_-} Salmon-___--- 371,000 | Fry My fingerlings, 14- 112. 98 . 304 2 jel Le se 
inch. 

routs, bas 869, 900 |----- a Ko panel TS ati asd 665. 35 76d) MLO TON ee ae 
Duluth, Minn__--}----- dOpe-as-= 2;°533; O00)5| ity itso ees oe 1, 201. 45 . 474 2,671 | 1,523 

Erwin, Tenn. ~-2}----- docs 45-— 710,900 | Fingerlings,1to2inch_} 1,191.74 1676") 2°81) Seo 2 
Langdon, Kans___| Pond fishes_- 9000): sy earings 22 =) aoe = 138.40 } 15. 380 689), #eo2 
Leadville, Colo_-_| Trout___.--- 1,050, 500 | Fingerlings,1tol4inch| 1, 405. 99 1340) |) T4IZ5O) Pee 
Manchester, Lowa |----- (a Yop a8 536, 000 | Fingerlings, 1 to 2inch_ 954. 05 1. 7808+ 405222 Bes 
Northville, Mich-|.---- d0ss.22.- 38, 000 | Fingerlings, 1 to 24inch 328. 21 SxG11) ii2 646) |b eee 
Upper Mississip- | Pond fishes..} 2, 912, 527 Hage l-inch, to | 13, 423. 85 4.610 | 38, 243 |_.-.-. 

i.2 adults. 
» Troitos- ee 156, 275 | Fingerlings, 1 to 24inch 359. 00 25290) ||| 1,080) ||2- 222 

White Sulphur |.---- doses Sku 439,450 | Fingerlings,1to2inch_| 2, 505. 61 Ox701))| (6,.558) hoa ee 
Springs, W. Va. ‘ ; ‘ 

Wytheville, Va.--.|----- Gol 2--- = 257,650 | Fingerlings, l-inch, to | 1,061.30 e119) || 7:2; 709) 22S 
yearlings. 

2 La Crosse, Wis.; Bellevue, lowa; Marquette, lowa; and Homer, Minn. " 
5 Distribution by cars shows cost of transporting fish to destination or until delivered to car messenger. 
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